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OIL AND SUBMARINES? 


Yes—reflected “sound” detects them both! 


For fifteen years Dresser Electronics has pioneered the 
development and manufacture of oil exploration 
instrumentation . . . seismic systems based on 


reflection techniques. 


Now these same instrumentation techniques 
are being adapted to anti-submarine warfare. Dresser 
Electronics systems engineering is also at work in 
airborne telemetry . . . civil defense . . . process control 
. .. blast detection . . . mobile hospitals —projects 
throughout military. industrial and defense areas. 
The unique approach of this systems-oriented 
company may solve your problem. 


DRESSER ELECTRONICS 


[S$ 1) owrston | ONE OF THE DRESSER INDUSTRIES 


10201 Westheimer, Houston 42, Texas 
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The first six years of Space Technology Leadership 


Since 1954, when the Air Force ballistic missile program was accorded top national priority, Space Technology Laboratories has 
been engaged in virtually every major phase of research, development, testing and technical management of missile and space 
systems @ STL’s contributions have hastened the day of operational capability for Air Force ballistic missiles, and have been 
applied as well in satellite projects and space probes @ Today, as STL’s activities expand in significance and scope, STL offers 
exceptional opportunity to the outstanding scientist and engineer whose talents and training will add to, and benefit from, the 
accumulated experience that has enabled STL to conceive and accomplish major advances in the state-of-the-art e STL’s creative 
flexibility, anticipating and responding to the demands of space progress, ranges in application from abstract analysis to complex 
hardware fabrication for military and civilian space projects @ STL invites scientists and engineers to consider career opportu- 
nities in the atmosphere of Space Technology Leadership. Resume and inquiries will receive meticulous attention. 


SPACE TECHNOLOGY LABORATORIES, INC.?.0. 80x 95005mN, Los ANGELES 45,CALIFORNIA 


a subsidiary of Thompson Ramo Wooldridge Inc. 


El Segundo « Santa Maria * Edwards Rocket Base * Canoga Park Cape Canaveral * Manchester, England * Singapore * Hawaii 
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17 Saturn ... Booster For The Sixties 


Space-probe hopes hinge on NASA's giant vehicle; 

H-2 engine could boost Ist stage thrust to 2.4-million lb 
26 Aerospace Economics 

Lockheed president sees "'profitiess prosperity’ ahead; 

Dr. Franco Fiorio predicts $36-billion space budget by 1970 
28 Guidance and Secondary Power Needs 


JPL details systems and component development for |0 years; 
Plans show need for better computers, nuclear generators 


ar) What We Need To Win Aerospace Race With Russia 


A.|.A. forecasts technological needs for next decade; 
Report based on consensus of key experts in industry 


AS NASA's Goals For Next Decade 


Expenditures of over $1.5-billion per year slated; 

Standardization guides design of boosters and spacecraft 
Me PA Thiokol Forecasts Solids For 60's 

Dr. Ritchey outlines corporate plans; 

Sees similarities in military and scientific needs 


5A Aerojet Forecasts Liquids For 60's 
High specific impulse and long burning time chief merits; 
Payload-cost-reduction possible by orders of magnitude 


48 Aerospace Structures Gap 


Choice of vehicle structures limited by lack of space data; 

Tests urged to simulate meteoritic impact, solar heat, hard vacuum 
6? Design Details for Nova's Booster : 

F-1 engine enhances liquid propellant role in boosters; 

Single thrust chamber uses cooled and uncooled sections 
a 67 Procurement Practices . .. Can DOD Seize Patent Rights? 
- Robbins Aviation protested AF removal of patent legend: 

Firm persisted under heavy odds and won its point 
VAG) Britain's Role In Space 

Hawker Siddeley wants satellite communications system; 

Effort would sustain Britain's aerospace technology 
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THE COVER STORY—Rocket power has 
been acclaimed the key to space flight 
since multi-ton Sputniks started orbiting. 
Approximately, Saturn, the vehicle that 
now looks like U.S.'s real hope for launch- 
ing spectacular payloads is selected for 
the cover of this "Next Ten Years In 
Space" issue. Saturn development is in 
the hands of Dr. Wernher von Braun, 
director of George C. Marshall Space- 
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78 New Parts and 
Components 


83 New Electronic 
Products 


88 New For Production 
91 Worth Asking For. 
93 Men On The Move 


PAGE 
96 8:03 To The Moon 


97 Production Techniques 


97 New Standards 
For Airframe Castings 


Editorial and Executive Offices: Chestnut 
and 56th Sts., Philadelphia 39, Pa. SHer- 
wood 8-2000. Cable Address: “Chilton Phila- 
delphia.” 


Accepted as controlled circulation publica- 
tion at Philadelphia, Pa. Copyright 1961 
by Chilton Company. Published monthly. 
Subscription rates: United States and Canada, 
$10.00 per year. Single copies $1.00, special 
issues $2.00. Foreign $20.00 per year—single 
copies $2.00, special issues $3.00 per copy. 


VERSATILE MARKER 


for rounds or flats 


If you have a variety 

of shapes to mark, write for 
Bulletin FGP 20. Full descrip- 
tion of Matthews General Pur- 
pose Machines. 


HIGH SPEED MARKER 


for round shapes 


Continuous Marker for round, 
solid, tubular, or conical shapes. 
Can be equipped with Feed and 
Ejector for automatic operation. 
Write for Bulletin 146 C-9. 


SPECIAL MARKERS 


for special product shapes 


Simple hand units or electronic 
marvels; all provide the sim- 
plest, most economical marking 
for special applications. Write, 
giving details or send sample 


product. 
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AiResearch GPV-91 


~~ alternator ground 
power unit 


This singie AiResearch ground 
power package provides all the 
electrical and pneumatic power needed 
to meet the increased ground support 
requirements of the newest jet trans- 
ports. At the same time, the new dual- 
purpose GPV-91 results in a unit that 
effects considerable dollar savings 
over separate units to provide pneu- 
matic starting and electrical services. 

The 120 KVA power package 
doubles previous electrical output of 
support systems to supply 


a 
aa, 
oe 


gas turbine and 120 KVA 


all power for ground checkout and 
heating...and enables Freon refrig- 
eration systems to operate at maximum 
capacity during the entire ground 
operation in hot weather. 

The compact power unit consists of 


an AiResearch GTCP 85-91 gas tur- 


oie 


= 4 j aj. . 
f { 3 
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bine driving a 120 KVA alternator. 
This gas turbine features automatic 
operation and pushbutton starting, 
operates in any weather extreme from 
—65° to 130°F. Optional 28 volt de 
power is available up to 1600 amperes. 

This lightweight power package can 
be installed on nearly any vehicle or 
carried as an onboard unit. AiResearch 
has delivered more than 9000 gas tur- 
bines in the 30 to 850 hp range, and is 
the world leader in producing turbine 
ground support for airliners. 


Please direct inquiries to Los Angeles Division. 


THE (-7.\i-i343 CORPORATION 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 
Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 


4 Circle 6 on Inquiry Card 


Aircraft & Missiles « 


January 1961 


ee 


| 4 
em & b 
00) a me ‘ee 
oh ae | 
‘ « n Yves ? : — a aS ee: ; 
kA ee — _ ee = ze 
oo vast ae et ag : 
| 1 \ oA, {227 >, <= a : ' 
| 6-4: a i . i 
K ge : ee .e <s ay : =™s ~ \ 
: i. J ow) > a % ~ @t an fz lai | F Vi \ ~~) fies 
(7 Fy / mal OOS 
Py | me Mg 4 —) | "7 
we OS |) ee 
7 ~~ aren AS Od hin Stes “at | 
oun ie’ ee F: Id ee 7 
. _ dame) & SS thy il ie 
Bs saa i. Lee ———, x " 
. em ; 
i | . ~~ to . 
—= i — 2 a 7 
i ee 2 
 . 
ww eee Ff 
Pe ee Pe 8 ‘ 


Looking Ahead 


Three years ago, about this time, the first 
man-made object in space made its presence felt 
around the world. This shiny “pinpoint” travers- 
ing the skies reflected sufficient light to disperse 
the fog of complacency from our national think- 
ing. The Sputnik became the symbol of an elo- 
quent challenge in space. It further shed light 
upon the depth and breadth of earnestness re- 
quired in our ideological struggle against oppon- 
ents—militant politically as well as scientifically. 

Aircraft & Missiles was born in this era of 
urgency, dedicated to implemént the practical 
needs of the dynamic aerospace industries. The 
enthusiastic readership gajned in the brief span of 
three years attests to the fulfillment of our prime 
editorial purpose. It motivates us, at the same 
time, to greater efforts toward editorial excel- 
lence. We are proud of the progress achieved by 
Aircraft & Missiles particularly because it coin- 
cides time-wise with the growth of our space ef- 
fort. The span of accomplishments extending 
from non-existence to Tiros II, cover a substan- 
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tial spectrum of effort; yet, a realistic appraisal 
would fall short without an awareness of the 
tasks lying ahead. 

A & M will continue to meet the increased 
demand for practical data on the technology and 
materials of today for the design and development 
of the products of tomorrow. 

Additional support will be given industry 
problems—even harder hitting than the 1960 
“State Your Case” and “Challenge and the Pro- 
gress” series which provided valuable facts toward 
the revision of certain government regulations. 
There will be new “Special Staff Reports” giving 
vital information to aerospace management. 

Readers will find more items on electronics, 
materials, parts and components, production 
equipment, and available technical literature. 

We look forward with confidence and optim- 
ism to the challenges of the future. We look for- 
ward with enthusiasm to the part our publication 
will play in keeping U. S. aerospace technologists 
the best informed in the world. 
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amesbury Pouble-Seal BALL VALVES* 


*PATENTED 


AS VERSATILE AS INDUSTRY ITSELF 


The illustration below gives you a glimpse of the depth of application of the 
versatile Jamesbury “Double-Seal” Ball Valve. 


For on-off, quarter turn, full flow, leakproof, maintenance-free operation, no 
valve can match the exclusive Jamesbury “Double-Seal” action. 


We will welcome an opportunity to prove this statement, whatever your 
valving requirements might be. 


JAMESBURY CORP., 76 NEW STREET, WORCESTER, MASS. 


DISTRIBUTORS IN PFINCIPAL CITIES 


@ 1961 Jamesbury Corp. 
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Your 
Datebook 


December 26-31 

127th Meeting 

American Assn. for the Advancement 
of Science 

New York, N. Y. 


January 9-11 

Symposium on Reliability and 
Quality Control 

Bellevue-Stratford Hotel, Phila., Pa. 


January 9-13 


International Congress and 
Exposition 

Society of Automotive Engineers 

Cobo Hall, Detroit, Mich. 


January 15-18 
13th Annual Convention 


Helicopter Assn. of America 
Cherry Hill Inn, Haddonfield, N. J. 


January 16-18 

Seventh Annual Meeting 

American Astronautical Society 
Sheraton-Dallas Hotel, Dallas, Texas 


January 17-19 

Winter Instrument-Automation 
Conference and Exhibit 

Instrument Society of America 


‘Jefferson Hotel, St. Louis, Mo. 


January 23-25 
29th Annual Meeting 


Institute of the Aeronautical Sciences 
Hotel Astor, N. Y., N. Y. 


February 1-3 

Second Winter Military Electronics 
Convention 

Institute of Radio Engineers 

Biltmore Hotel, Los Angeles 


February 1-3 


Solid Propellants Conference 
American Rocket Society 
Salt Lake City, Utah 
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THOR 
SNARK 


TIROS 


FALCON 
CORVUS 


NIKE HERCULES 


TAIOS 


PIONEER 


SIDEWINDER 


TIME TO TRAVEL... in a bird, or elsewhere, this A. W. Haydon timing 
motor is unique. We married our successful Vanguard II sub-miniature DC 
motor, for power, to a tiny new version of our well known (and patented) chrono- 
metric governor, for precision. Result: it will drive miniature tape record- 
ers, printed circuit commutators, potentiometers, and such things... and 
hold its speed to within + 0.1% of the speed you want, even if the shaft 
load, line voltage and ambient temperature vary widely. It weighs a mere 
two ounces and measures less than 134” x 1%”, yet delivers at least 30 
ounce-inches of torque at 1 rpm. For full celtic on this #14600 motor, 
or any other sort of timing device, electronic or motor driven, just write. 


SAYDON 


air Ra RS Eas PSE age 


COMPANY 


3 rm 266 NORTH ELM STREET, WATERBURY, CONNECTICUT 
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Patent Infringement 


. . . “We Tried To Do Business 
With DOD” (November) was read 
with great interest, since we have 
had similar experiences. In our case, 
this has involved procurement 
agencies actually becoming a party to 
patent infringement on articles which 
were developed independently, and en- 
tirely on non-governmental funds. 

In each of two instances, an ex- 
clusive license had been granted to a 
manufacturer to whom original gov- 
ernment procurement contracts had 
been awarded, including provision for 
royalty payments at usual nominal 
rates. In both cases, infringement by 
non-licensed competitors has subse- 
quently been encouraged by procuring 
agencies. In several instances, the 
contracts went to such companies be- 
cause of price differentials less than 
the amount represented by the royalty 
figures included in the licensees’ cost 
structures. 

One of our licensees has already 
instituted legal action jointly against 
the infringer and the procuring 
agency, in the Court of Claims, but 
we understand that it may require up 
to five years for a decision to be 
reached. 

The second of these two instances 
is of particular interest and parallels 
the experience of the Airborne Re- 
search and Development Corp. The 
item involved was developed at the 
urgent insistence of personal equip- 
ment and safety specialists serving 
the test pilots of the aircraft industry 
of this area. As soon as it had been 
developed and proof-tested, with the 
generous cooperation of several air- 
frame manufacturers, it rapidly be- 
came a standard item among this 
using group, and was considered a 
major step forward in enhancing 
chances of survival during ejection 
from high-speed aircraft. 

Immediate procurement of this 
item was urged by safety specialists 
of the Air Force, but apparently be- 
cause of an “N.I.H.” philosophy, an- 
other A.F. agency spent about two 
years trying to develop an equivalent 
item. Ours was finally standardized by 
the Air Force, but only after it had 
already been standardized by the 
Navy. 
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Reader's Orbit 


At this time, I cannot unquali- 
fiedly offer additional details in full, 
at least for publication, since neither 
we nor our licensees are as hopeful 
as Mr. Hahn seemed to be (according 
to your article) that revelation of 
such information would have no ad- 
verse effect on future business. How- 
ever, if a sufficient number of similar 
experiences can be adequately docu- 
mented and brought to the attention 
of proper authorities, there might be 
hope of correcting what seems to us 
to be a most inequitable situation. 

I am in complete agreement with 
Mr. Hahn that this kind of treatment 
by the government is pernicious, es- 
pecially when it involves small busi- 
nesses with limited ability to engage 
in expensive legal battles; it can only 
tend to “dry up” sources of creativity 
which should be applied to problems 
of national interest... 


H. P. Roth 
United Tanks Inc. 


Proprietary Designs 


Would you please send to my at- 
tention a reprint of the article, 
“Vicious Procurement Practices .. .? 
DOD Talks Back,” by G. C. Banner- 
man, in your September 1960 issue. 

As a side comment, we are among 
those manufacturers who have been 
forced to make two sets of drawings: 
one, a set of manufacturing drawings 
for our own use and for the use of 
others who do not follow the govern- 
ment practice of demanding our pro- 
prietary rights; and the second, a set 
of drawings with all information de- 
leted that would facilitate reverse en- 
gineering or completely reveal our 
design. 

Although this is an expensive and 
time-consuming process, we have 
found no other means of preventing a 
complete give-away of our proprietary 
rights to the government. 


George E. Meeker 
Engineering Publications 
B. F. Goodrich Aviation Products 


Furnace Feat 


We were pleased to see our fur- 
naces listed with the other large fur- 
naces in the country in the December 
issue. This is a very impressive list. 


You may have noted that we have the 

largest diameter furnace of all. We 

were disappointed to see that you 

have listed the length of this furnace 

as 22 ft when it is actually 32 ft... 
Orrin G. Meyers, 


Vice-President & General Manager 
J. W. Rex Co. 


Failsafe Editing 


. . . must admit to having been 
misled by the substitution of “not” 
for “now” as complained about in 
Mr. Frank Catlin’s letter to the Edi- 
tors (“Not ... Now,” issue of Decem- 
ber 1960) ... In such an important 
usage, i.e., where the substitution of 
“not” for “now” wholly changed the 
meaning of the statement, reference 
to Murphy’s Law would indicate a 
preference for the wording, “Now 
Bondcheck can detect stress cracks 

. .’ This follows the principle well 
known in aviation that reliability 
should if at all possible include con- 
sideration of preventive medicine ap- 
proaches ...I have long ago given 
up using the phrase “attitude con- 
trol,” for example . . . because the 
odds are no better than even that it 
will appear in print as “altitude 
control.” If one realizes errors are 
inevitable, much can be done before- 
hand to minimize their effects by 
“Fail Safe” design. 

S. B. Spangler 
Vice Adm., USN, Ret. 


Director of Research 
The Garrett Corp. 


Believe it or not “attitude control” 
came out “altitude control” in De- 
cember issue. See Data Capsule, left 
column page 11 that issue. 


More On Palomar 


Re: Readers Orbit—The Strength 
to Move Mountains (A&M, Dec. 1960) 
... humbly call to your attention the 
fact that both Mr. Roy J. Cibulk and 
whoever wrote the “clarifying” reply 
were in error. A glance at the map 
will conyince you that the peak where 
the 200 inch observatory is located, 
bears the name of Palomar Mountain, 
and not Mount Palomar. 

Vollo Ebrok 


Senior Engineer 
Emerson Radio & Phonograph Corp. 
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“MIDGET WITH A PUNCH”! 


Bendix 16-/b. DC Starter Generator 


Designed specifically to help the new 
lightweight gas-turbine engines get 
off to a quick start is the Bendix® 
type 30B56 DC Starter Generator. It 
provides 10 lb. ft. of torque at 3,000 
rpm and will produce 30 volt/100 
amp. DC power when driven between 
7,000 and 12,000 rpm. 

This ‘‘midget with a punch”’ 
requires a minimum envelope since it 


measures only 4.6” dia. x 8” long. It 
comes with round, square, or QAD 
flange and includes a fan to supply 
its own cooling air up to 20,000 feet. 

If your needs are to start small gas 
turbines rated around 250 hp with a 
DC source, specify the Bendix type 
30B56 and get 3 KW DC power, too. 
See us for details as related to your 
specific application. 


GENERAL PRODUCTS DEPARTMENT 


Red Bank Division 


EATONTOWN, NEW JERSEY 


West Coast Office: 117 E. Providencia, Burbank, Calif. Export Sales & Service: Bendix International, 205 E. 42nd St., New York 17, N. Y. 
Canadian Affiliate: Aviation Electric, Ltd., P.O. Box 6102, Montreal, Quebec 
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Chatham Y-Series transformer-rectifiers furnish 
DC power to CANADAIR CL Forty Four transport 
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~~ 


Canadair CL Forty Four, the largest Canadian aircraft, features the 
unique swing-tail to facilitate fast loading and unloading of the transport. 
Power for the aircraft is delivered by the Chatham low volume, low weight 


200 ampere Y-Series transformer-rectifier. 


The Canadair CL Forty Four is the first plane de- 
signed with the unique hinged tail which swings back 
to give immediate and unobstructed access to the full 
cross-section of the fuselage for rapid loading and un- 
loading of the cargo. The turbo-prop freighter, the 
largest aircraft built in Canada, has a payload of 33 
tons and full transatlantic range capability. 


DC power for the CL Forty Four is furnished by the 
revolutionary Chatham 200 ampere Y-Series silicon 
power transformer-rectifier. Canadair specified 
Chatham conversion equipment because they de- 
manded unexcelled flight performance and reliability 
while restricting space and weight requirements to an 
absolute minimum. 

Chatham Y- Series transformer-rectifiers—available 
in a range of outputs from 20 amps to 200 amps—are 
considerably smaller and lighter than competitive 
equipment with similar ratings. The 28VS200Y unit, 
for example, weighs under 17 pounds and occupies 
less than 310 cubic inches! 
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The ability to satisfy the toughest aircraft specifica- 
tions with power conversion equipment that delivers 
unmatched performance and optimum physical con- 
figuration stems from Chatham’s complete control 
over every step in design and production. Chatham 
even manufactures its own solid-state components so 
that designers are not limited by the “‘specs” of com- 
mercially available components. 


Like Canadair, you can get the benefit of Chatham 
power conversion equipment know-how, too. Send 
today for Chatham brochure T-26A which describes 
power equipment that’s immediately available. Or 
outline your needs and Chatham will recommend an 
original design to do the best job for you. Chatham 
Electronics, division of Tung-Sol Electric Inc., Liv- 
ingston, N. J. TWX:LVTN NJ-489 


CHATHAM. , . world's leading supplier of 
airborne power conversion equipment. 


CHATHAM ELECTRONICS 
division of 


TUNG-SOL ELECTRIC INC. 


Circle 9 on Inquiry Card 
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Data Capsule 


SUMMARY OF MANAGEMENT TRENDS AND TECHNICAL DEVELOPMENTS 
IN THE AEROSPACE INDUSTRIES 


MISSILES AND SPACE VEHICLES 
Design 


MERCURY SPACECRAFT may be con- 


trolled in orbit by any of four sepa- 
rate systems. These are: Automatic 
Stabilization and Control, rate com- 
mand, fly-by-wire, and manual propor- 
tional control. Plans call for manual 
control on later Mercury missions. 
Designers of future spacecraft may thus 
gain valuable data on what an astro- 
naut can and cannot do during extended 
weightlessness and high re-entry G's. 

MERCURY RETRO-FIRING is planned 
as an automatic operation on initial 
missions. Automatic system is designed 
to compensate for expected torques about 
the major axes when a retro is fired. 
Mercury spacecraft's retro attitude is 
34° with +12.5° on pitch and +30° 
on yaw and roll. During the subsequent 
re-entry at about —1.5°, oscillations 
and tumbling may occur. Automatic sys- 
tem or the astronaut must perform 
rate-damping. 

HIGH TEMPERATURE BATTERY designed 
by Westinghouse makes use of “Austin 
Effect." Vitreous enamel on steel plates 
generates current between 300°C and 
700°C. Battery might utilize "waste" 
heat from rocket nozzle. 


Development 

MANAGEMENT SURVEY, being conducted 
by the Air Force, will concentrate 
initially on Martin's Titan program. 
The Air Force wants to improve the 
management of complex advanced weapons 
systems. A group of procurement, pro- 
duction and audit specialists will ex- 
amine production procedures and cost 
control methods. 

PROJECT DEFENDER. Technical ad- 
vice on rapidly-advancing anti-missile 
research will be furnished to ARPA by 
a special Technical Advisory Group from 
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Stanford Research Institute, Lincoln 
Laboratories, Cornell Aeronautical 
Laboratory and the Willow Run Labora- 
tory. 

CENTAUR POWERPLANT. The LR-115 
powerplant has been fired continuously 
on test for 5% min. at Pratt and 
Whitney's Florida R&D Center. Centaur, 
Slated for first flight this year, will 
have two LR-115's. 

NIKE ZEUS GUIDANCE SYSTEM per- 
formed successfully in its initial 
flight-test at White Sands. 

ADVANCED PROPULSION SYSTEM re- 
search will be carried out by new 
Douglas Aircraft subsidiary named 
Astropower. 

DOUGLAS AIRCRAFT was awarded 
second generation Saturn space ve- 
hicle study contract. The $85,000 
contract will be used for examining 
C-2 operational requirements. 

F-1 PRELIMINARY FLIGHT-RATING 
TESTS are now scheduled to begin late 
next year. This 1.5=-million-lb-thrust 
engine, expected to be available for 
launchings in the mid-sixties, will be 
clustered for the Nova vehicle. 

SODIUM VAPOR TRAIL may aid in 
tracking space vehicles during re-entry. 
Such a marker, proposed by Lockheed 
Missile & Space Div., would be visible 
for many miles and would be hundreds 
of miles long. 

RADIATION EFFECTS LAB, just com- 
pleted by Marquardt, will be used 
primarily for Project Pluto. Lab will 
be available to industry for other nu- 
clear work. 

LONG LIFE FUEL CELL using chemi- 
cal reaction between sodium, bromine, 
and mercury remains undamaged when 
short-circuited. Produced in Hoffman 
lab, its estimated lifetime is more than 
10,000 charge-discharge cycles. Peak 
current density: up to 10,000 amps per 
ft? for one tenth millisecond. 


1 aE me ee ae No ee eee ~ . eet et 
: ee ecole.) a CRmeRee Sa. sa cee ac tee ee : oe, ', me 
aes Peay: BTR OEE OS he ae ere ee ee ee ? , ‘ : en oe os ie: 
tas j aie | : ee ete er ft | Pe i Sy nF ae i . i os AS 
a . yt eee yo es Meaee ERIN RS PES RES SR a er Re bi b | ees b; 
ib Pee tien ee Meee nar See Bie ee He by pagan . “@ 
ge ac i : o Bee IC RRND STARmeter ce ee oe asad ee Sees Ne Oe eee eae re ce 
= TE pa 
ie 4 ema 
¥ a a m4 4 
: a 
See 
ee ea 
aR 
ae ae 
See, 
ae oe 
Borris iy aban rh 
PER TE. 
Gane an 
panera 
a 
~ fos. tee 
ee Ja 
: : at 
Be =" 
: ” he ae ee 
| ~teen eff oars 
3 it. Aa hs ona ; 
i Y ee ee 
ee _o aes ane 
fe a ies et 
ic . * a 
ees 
E ‘ Re one 
% Be mabe ™ 
re i 
P Cre 
a a 
at ene 
as 
; oe 
i 2. ee 
* x ee 
_” =e Ye 
~ ae 
4 oars 
—- ey Ne Fe 
‘ age) "= 
Spat aa ie 
re ON 
‘ Ay EN 
Pe aia 
f Bees 
p ee aed 
A aa, 
, ee dame 
ary a’ 
ut weyers 
ets ay. oy 
Byte 
Tee 
“Oar |b 
ae 
Bikes tc > 
mala” 
: ae 
yi 
3 By 
SSR 
ak eee 
vee see 
: ea cise Hn 
‘s See 
apis Peet 
eS 
\ Sage 
: en 
Ey aia 
a : 
7 eae gees: 
Ss 7 | cfm 
BY agen 
A oe 
‘lee 
Bea i 
/ Ba Ed) se 
As bia ae 
Vis 
; es tac 
ren rn 
i =} Ea oat ta 
; : 9 abe 
: Seen 
: ee 
Ree 
AB eae 
7A ahh 
pages 
> ae 
= Beas 
s Vee ih 
Raga. 
as Be te 
Lg "Ales 
Oe. et iene 
Spee" 
a. 
<1 Sie 
Poy uh ae 
oe ee 
‘ pare 
. oe A era 
oy pete 
3 «aay : i 
‘ “ty 
4 Maher 
. pei tog 
Bie) 
ae _ 
a | oa 
: tk ae 
ere ne her 
a: 
ail PE ee 
ate 
ya 7’ 
wa Gare Oh 
he an 
. eee 
2 Pia\ 
[+ BN 
hy eo eraN 
jae 
ane cia be 
wf etre ty 
pen 
Ay 
ee 
a Be 
pee 
a 
‘ 11 Caer 
: pyr ® 
ahi Ber cee 
Se 
EF ciny 
i TERE 
- eae 
hg ee F : er ree ae Sell SI i! Se 2 Di La) Sa A a a : ae ee cso pee tie iaamaaaa eet Se | 
eee a hee eee ae le eo ae ogee Me As ae TP Ng a : : Bi WA pe del et 
ae meee dt ae = Soo Gh) eee a co a Sed ekee poled Buln: : Bhs fs 
iy eee Sot : ue pe eee. aie f ee &: supe, SOR e WY 
‘ a a reais ies ae “5 s . % “7 11 co a ee oe ga i Yea eo es en a 7 <a = 7 -) eS WM ede * by 93 ae 2 ue Pingus elt Ox, © 


ae 


X-15 is now ready for Air Force- 
NASA tests, having completed its third 
North American Aviation qualification 
test on Dec. 6. This test included run- 
ning the 57,000-lb-thrust XLR-99 power- 
plant at 99 per cent of full power fora 
few seconds. XLR-99 was stopped and re- 
started three times during the flight. 

EMERSON ELECTRIC has developed a 
system to trace mortar shells to their 
source after one round has been fired 
and detected. Firm sees missile de- 
fense possibilities. 

SATURN BOOSTER is now in final 
assembly at the George C. Marshall 
Space Flight Center. A second Saturn 
booster is in first stages of assembly. 
Special barge for taking Booster to 
Canaveral has been completed. 


Production 

FIRST BOMARC B production model 
completed by Boeing. The 400-mile 
pilotless interceptors are to be sta- 
tioned at six U.S. and two Canadian 
bases. 


Procurement 

SUPPLEMENTARY BUDGET REQUESTS are 
expected to be submitted by the adminis- 
tration this month. Increased funding 
will reportedly be sought for Minute- 
man, Polaris, and ICBM hard sites. Ad=- 
ministration's Fiscal '62 defense bud- 
get may exceed $44-billion. 


AIRCRAFT 

Design 

CONVAIR 990, which makes its first 
flight this month, has been designed 
with a supersonic wing including four 
Speed capsules to minimize sonic shock 
wave and resultant drag. Wing is thinner 
and has more leading edge (39°) than 
any other transport. The speed capsules, 
pointed at each end, are on wing's 
upper surface and extend back of the 
trailing edge. The 990's engine pod 
allows large amounts of air to be 
drawn around the CJ-805 engine. 

GRUMMAN ALBATROSS (SA=-16) is 
being modified for ASW use. Amphibian 
will utilize MAD (magnetic anomaly 
detection) boom and ECM (Electronic 
Counter Measures) equipment. 
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ARRESTING SYSTEM for jet trans- 
ports using a plastic-covered water 
basin has been proposed by Northrop 
Corp. 


Development 


VICKERS VANGUARD, called the first 
"second generation" turbine-powered 
airliner, is now entering service with 
British European Airways. 

CARAVELLE VII is making its first 
test flights in the U. S. with CJ-805-— 
23C aft-fan engines. 

B-70 DEVELOPMENT CONTRACTS con- 
tinue to be awarded. Convair will build 
the main wing box of stainless steel 
honeycomb. AiResearch Div., Garrett 
Corp., will provide the air data system. 
The Air Arm Div. of Westinghouse 
Electric Corp. will work on study re- 
quirements for the electromagnetic 
defensive system. Beech Aircraft will 
develop and manufacture the B-70 alert 
pod which furnishes power to the plane's 
six turbojets. 


Production 


FIRST PRODUCTION P3V is slated 
to roll out at Lockheed's California 
Div. this March. 

DOUGLAS AIRCRAFT is converting 
16 DC-7C passenger airliners into cargo 
transports. Average cost is $320,000 
per transport. 

NEW FIRM is producing executive 
and light aircraft in England. Known 
as British Executive & General Avia- 
tion Ltd. (BEAGLE), it was formed 
through a union of British Pressed 
Steel and Auster Aircraft Ltd. Engines 
for BEAGLE aircraft will be of American 
design, manufactured under license by 
Rolls-Royce. 

BOEING will produce at least 80 
of the three-engined medium range 727's. 
Eastern Airlines and United Air Lines 
will each take 40 of the planes. 


Procurement 


PERCENTAGE OF DEFENSE PROCURE- 
MENT OUTLAYS for airframes has decreased 
by a factor of two since 1954 and is 
projected to be reduced by another 
factor of two during the next ten years. 

RIDDLE AIRLINES has ordered seven 
Armstrong Whitworth "Argosy" freighters. 
British manufacturer is pushing it as 
replacement for C-119's, 
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Military Market In 60's 


The military market is a fasci- 
nating one. This is the market that 
has doubled in the last decade. It 
is the market in which one-third of 
all capital goods are sold. It sup- 
ports one-half of all R&D expendi- 
tures. It has the highest rate of 
product growth and product ob- 
solescence. And is is a market 
marked for major growth in the 
60’s. 

This is how things shape up for 
the next decade. 

(1) The expenditures of DOD 
are estimated to rise at a slower 
rate than the GNP, from $41 bil- 
lion in 1960 to $49 billion in 1970. 
Under existing tax rates this level 
of defense spending is consistent 
with large increases in non-defense 
programs, a balanced budget, and 
a moderate surplus available for 
tax or debt reduction. 

(2) Within the military budget 
the R&D category will continue 
receiving an increasing share of the 
total. Over-all, approximately one- 
half of the military budget is likely 
to be devoted to procurement of 
hard ‘goods. 

(3) The shift in Air Force pro- 
curement from aircraft to missiles 


CATEGORIES OF MISSILE PRODUCTION 


NON-ELECTRONIC 
GROUND SUPPORT _ 


NOSE CONE 
“STRUCTURE 
ta 


ASSEMBLY AND TEST 38% 


ELECTRONIC GROUND 
SUPPORT 16% 


AIRBORNE GUIDANCE 
AND CONTROL 18% 
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The Aerospace 


This capsule of business developments and trends is part of Aircraft & Missiles’ Marketing 
Assistance Program, a research service to aid companies in the aerospace market. 


and space vehicles is expected to 
continue with a “cross-over” in 
1963. Thereafter missiles and space- 
craft will dominate this category. 

(4) Expenditures for ships and 
submarines will once again replace 
aircraft as the dominant element of 
Naval procurement in the 1960's. 

(5) Army procurement expendi- 
tures are likely to continue at pres- 
ent low levels with the bulk of their 
funds devoted to tactical and de- 
fense missiles. 

(6) The expenditures of NASA 
are estimated to rise from less than 
$500 million in 1960 to $2.2 bil- 
lion by 1967 and level off as exist- 
ing programs phase out. 

Cutting Up The Pie—In this 
switch to missile-type expenditures, 
it is interesting to take a look at 
where the money goes. In the hey- 
day of aircraft, the lion’s share of 
production costs went into air- 
frames. But, in this changing mar- 
ket, precision assembly, endless test- 
ing, and systems development— 
largely electronic related — consti- 
tute the bulk of missile costs. The 
assembly and test work will con- 
tinue to be done by the large air- 
craft companies who have become 
the prime contractors. Toward the 
end of the decade, as spacecraft be- 
gin operating, the major expendi- 
tures will be directed to integrating 
man into the space machine. This 
will involve extension and in some 
cases leap frog of the technologies 
developed by designers of today’s 
sophisticated aircraft systems. 


15-Year Outlook Sought 
For Test and Checkout 


Design criteria for future Air 
Force automatic test and checkout 
systems will be recommended in a 
... continued on next page 


DEFENSE EXPENDITURES 
AND NEW ORDERS 


3 Months’ Moving Average Index 


AIRCRAFT 


| mmm EXPENDITURES 
ae . ae a 
Teed Aircratt & Missiles index -| 
Se gees Case 1957= 100 [fie 


Aircraft includes air-frames, engines, armament, elec- 
tronics, and other government furnished equipment. Also 
included: special tools, test equipment, and ground 
handling equipment. 


MISSILES 


mS 
e 


—_ 
X-5 
mamenreen. 


Missiles graph includes complete missile systems—earma- 
ment, launching, guidance, control, boosters, sustainers, 
propellants, special tools, and ground handling equip- 
ment. 


ELECTRONICS &} 
COMMUNICATIONS 


WeAircraft & Missiles Index - 
Sea Bose 1957= 100 fie 


Electronics ond communications graph is related to the 
fellewing equipment: radar, electromagnetic equipment, 
computers, radiation airs, countermeasures, radiac and 
infrared, meteorological equipment, sonar, transmission 
or reception units, noise and interference detection de- 
vices, test equipment, spares, ond related component 
equipment. 
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The Aerospace 
~<A 


special study being conducted joint- 
ly by the Motorola Military Elec- 
tronics Div. and the Douglas Mis- 
siles and Space Systems Engineer- 
ing Dept. 

Objectives of the Air Force 
study (SR-17530): 

@ Validate operational and 
maintenance requirements for test 
and checkout across the spectrum of 
future Air Force weapon systems 
for the period ending in 1975. 

®@ Corroborate design criteria 
to provide a logical basis for insur- 
ing compatibility of future weapon 
systems and their associated test 
and check-out equipment. 

@ Determine feasibility of 
standardizing components of test 
and check-out equipment and the 
methodologies of test and check-out 
for future weapon systems. 

@ Determine the feasibility of 
designing an integrated multi-pur- 
pose automatic test and check-out 
system or family of systems for use 
with future weapons systems. 

The study will also anticipate 
effects of new and revolutionary de- 
sign concepts such as integrated, or 
micro-electronic circuitry and sys- 
tems. 


Business Moves 

The Society of Technical Writ- 
ers and Editors (STWE) and the 
Technical Publishing Society (TPS) 
have merged. 

Goodrich-High Voltage Astro- 
nautics Inc. has established two new 
space research departments: a 
power conversion department and 
an electrostatic propulsion depart- 
ment. 

Marshall Industries Inc. has 
formed a new subsidiary, Marshall 
Laboratories, to engage in the de- 
velopment and manufacture of elec- 
tronic equipment for the missile and 
space vehicle industry. 

The Gabriel Co. has integrated 
its Bohanan Div. in Compton, Calif. 
with its Rocket Power/Talco Div. 
in Mesa, Ariz. 
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Gyrotor Inc., new helicopter 
firm, recently opened offices in San 
Diego. 

Precision Metalsmiths Inc., 
Cleveland, has just acquired Intri- 
cast, Inc., Loudonville, Ohio. 

Astro-Fab, Inc. has expanded its 
operations to include specialty 
forming and joining and machining 
facilities for tantalum, molybdenum, 
and tungsten. 

Thiokol Chemical Corp. _re- 
cently formed a new division, 
National Electronics Div., with re- 
sultant liquidation of its wholly- 
owned subsidiary, National Elec- 
tronics Laboratories Inc. 

Technology Instrument Corp. 
announces change of name of its 
subsidiary, Acton Laboratories, to 
Technology Instrument Corp. of 
Acton. 

The Siegler Corp. has formed 
Space Systems Technology Group 
to offer specialized technical ser- 
vices in missile and space systems 
design, development and test range 
planning. 


Facilities 

Southwest Research Institute is 
operating a high temperature facil- 
ity producing temps close to 9800°F. 

Wright Air Development Div. 
is now using a one-and-a-quarter 
million dollar electro-gasdynamic 
facility for testing flight perform- 
ances of small-scale aerospace-craft 
re-entering the earth’s atmosphere. 

Space Technology Laboratories 
is constructing a 5,000-person space 
research and engineering center at 
Redondo Beach, Calif. 

The Army is now studying ef- 
fects of nuclear radiation on mis- 
siles with a linear electron accelera- 
tor producing a single high-intensity 
pulse of about 10,000,000 volts of 
gamma radiation. The Linac, op- 
erating at White Sands, was built 
by Hughes Aircraft. 

Atlas Engineering Co. expects 
to complete its new Roxbury, Mass. 
plant next month. 

Northrop Corp. plans to start 
construction this year on new fa- 
cilities for its Radioplane Div. in 
Conejo Valley, Calif. 


Wright Air Development Div. 
is now building the Free World’s 
largest aerospace craft and missile 
sonic test chamber in Dayton, Ohio. 

A. O. Smith Corp. will. install 
an eight million-electron-volt linear 
accelerator in its Milwaukee plant 
this Spring. Use: high speed radi- 
ography. 

Philco Corp. is undertaking a 
new $5,000,000 building program 
for its Western Development Lab- 
oratories in Palo Alto. 

United Technology Corp. re- 
cently completed transferring the 
major portion of its Development 
Center staff to a 3200-acre moun- 
tain site near Morgan Hill, Calif. 

Tasker Instruments Corp. now 
has a new headquarters building in 
Van Nuys, Calif. 


Contracts 


Grumman Aircraft Engineering 
Corp.—$70.1-million for additional 
production of the Navy’s A2F-1 
Intruder aircraft; $35.7-million for 
additional production of the carrier- 
based $2F-3 Tracker aircraft. 

Linde Co.—$31-million to sup- 
ply NASA with liquid hydrogen 
through 1966. 

The Bendix Corp.—$26-million 
for continued development and 
evaluation of the Navy’s Eagle mis- 
sile system. 

General Electric Co.—$22,677,- 
000 to the Large Jet Engine Dept. 
for continued production of J79-5B 
turbojets for powering the B-58. 

Northern Ordnance Inc.—$20.4- 
million for additional production of 
the Navy’s MK 10 Terrier missile 
launching systems. 

The Martin Co.—$20,428,000 
for additional engineering services 
and production of Pershing. 

Vitro Laboratories— $8-million 
to continue coordination and testing 
of Polaris weapons systems on nu- 
clear-powered submarines. 

Food Machinery and Chemical 
Corp. — $4,947,000 in total con- 
tracts for design and development 
of the vehicle and pod assembly for 
the Army’s Mauler. 
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Complete Missile & Space 
Vehicle Ordnance Systems 


AMY, Modular Exploding 


= — F heey Bridgewire Systems* 
v/ j a : 
LRT: | i Ma, by McCormick Selph Associates offer: 


STAGE | ; 1. Greater System Reliability 
SEPARATION 


BOLT . 2. Simplified Cabling Problems 
3. Greater Design Flexibility 


CENTRAL XB 
POWER SUPPLY 


CABLING 
DESTRUCT 


ORDNANCE 
COMPONENT 


MODULAR XBS 

CONSISTING OF 
POWER SUPPLY 
CABLING 
ORDNANCE 
COMPONENT 


COMPLEX CENTRAL XB XBS MODULAR SYSTEM CONCEPT 
POWER SUPPLY SYSTEM BY McCORMICK SELPH ASSOCIATES 


oe 
os 


*McCORMICK SELPH ASSOCIATES, INC. 
and the Industrial Products Division of ITT combine their 
ordnance and power capabilities to provide the best in 
EXPLODING BRIDGEWIRE SYSTEMS 


Direct Inquiries to Product Division, 


McCormick Selph Associates 


HOLLISTER AIRPORT® HOLLISTER, CALIFORNIA 


ee 
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WANTED: 


ENGINEERS 
TO MARRY= 


THE MANNED BOMBER 
TO THE MISSILE AGE 


Major projects now underway 
at Boeing / Wichita have 
created immediate openings 
for Design, Test, and Re- 
search Engineers in: 


ELECTRICAL & ELECTRONICS 
Countermeasures & 
Communications 
Bombing & Guidance 
Fire Control 
Microwave & Infrared 


AERODYNAMICS 
Stability & Control 
Performance 


STRUCTURES 
Loads & Criteria 
: Dynamics 
: Stress Analysis 

Weights 


FLIGHT TEST 
Structures 
Aerodynamics 
Electronics 


Get the facts about Boeing / 
oO Wichita and mid-Kansas 
living...then make your 
: oO own evaluation. 


Write today in complete 

FA, Abd WW, tf, confidence to Mr. Melvin 
ING TETMITA Vobach, Boeing Airplane 

Company, Wichita 1, Kans. 


ite 


Please send me complete information about Boeing 4 Wichita and your new “Opportunities Brochure OB 1,"" 


NAME 
ADDRESS 
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THE NEXT TEN YEARS IN SPACE 


She 2 PS 


Saturn... Booster For the Sixties 


Hopes for man-in-space and planetary probes 
hinge on NASA's giant space vehicle; 
H-2 engine could boost Ist-stage thrust to 2.4 million Ib 


A yellow circle, 22 ft in diam- 
eter, was painted on the wall of 
building 4707 at George C. Mar- 
shall Space Flight Center as a re- 
minder of a job that lay ahead. 

The circle was painted the day 
the last Jupiter IRBM went out the 


By John P. Kushnerick 


door in July 1959. It was painted 
by a group of tool engineers and 
represented a challenge of the 60’s. 
It represented the diameter of a 
space vehicle that would eventually 
stand 230 ft tall, weigh 580 tons, 
and throw 45,000 Ib into orbit. It 


represented the challenge of a de- 
velopment cycle unparalleled for 
such a vehicle, 10 months from 
tool-up to static test, two years 
from tool-up to launch, and only 
11 firings and 3 years to operational 
status. 

Behind this giant feat is forth- 
right and proud Dr. Wernher von 


ag 

| Braun, who brought his 115-man 

} DATA ON SATURN VEHICLES ae : : 

| x tacomumatnsais missile team to this country in 1945 

aK Thrust . 
ray ; No. of Total Type of Engine nie Dovelepment (20 followed in 1948). They 

Bie Vehicl tage  Manufact Designator Eng. 1000 (Ib) Engi Mfgr. , eri sont 

ae SS ee Oe — - ae ““— worked with scant funds and limited 
ie C-1 ‘First Marshall $-1 8 1500 H-1 Rocketdyne RP-1 ©, 1959-1964 “tie ‘ ‘ 

i ~ jee ; attention in Huntsville until the Rus- 
at aie Center ‘ x P 
am sian Sputnik. Redstone was built, 
Pee ly C-1 Second Douglas S-4 4 60 to 80 LRII9 Pratt & He O: 1960-1964 
al Whitney 

i C-1 =‘ Third ~=—— Convair $-5 2 30to40 LRIW9 Pratt& He 0, 1961-1964 

Whitney 
a 
C-2 ‘First Marshall Modified 8  1500to H-lor Rocketdyne RP-1 ©, 1963-1965 
Spaceflight $-1 2400 H-2 SATURN LAUNCHING SCHEDULE 
Conter C-1 VEHICLE 
C-2 Second Selection $-2 4-800 5-2 Rocketdyne H: 0: 1962-1966 spaiaia teiiaiiis on een tne 
C-2 Third Douglas S-4 4 60 to80 LAIN Pratt & H, 0: 1961-1964 $1 + dummy upper stages 1 2 -- _ 

: Whitney $1 + $4+ dummy 3rd stage — 1 2 _ 

| C-2 Fourth ~—s Convair 8-5 2 30t040 LRII9 Pratt & H: 0, 1961-1964 $1 + $4 + 85 Paha Aes = 
Whitney Operational prototype _ — _ 1 
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BOOSTER FOR THE SIXTIES... 


continued a 


von Braun keeps rapid but sane pace for Saturn; 
Vehicle will be operational after 10 test shots 


cooub 


but few took their space talk seri- 
ously. Then the Washington crowd 
saw what von Braun had been say- 
ing for years; satellites were prac- 
tical, we could and should explore 
space. 

When Dr. von Braun went be- 
fore Congress to present his case for 
an accelerated schedule for Saturn, 
he was offered more men, more 
overtime, more money, more any- 
thing to catch up with Russia. He 
couldn’t go too fast now. But, in 
February 1960, von Braun wisely 
and coolly said, “I feel that to speed 
the program up much beyond the 
present funding rate would be very 
difficult if not impossible.” When 
asked by a Congressman if it would 
be a waste of money to try to go 
faster, he answered simply, “Yes, 
sir.” Parallel approaches to play 
it safer, yes. A speed up, no. 

The Last Dollar — Von Braun 
and the entire NASA have drawn 
heavy fire from industry for this 
very attitude. Some feel NASA 


wants too much control, lacks a 
sense of urgency and guards its dol- 
lars too closely. But von Braun sees 
it this way, “The belief that all you 
have to do to get a job done is to 
give it to industry is as widespread 
as it is fallacious. Of course, we 
expect American industry to do 
most of the work on Saturn. Of 
course, we want to keep our in- 
house operation down to the mini- 
mum necessary. But of any $10 
spent it is a good idea to keep $1 in 
the coordinating government agency 
in order to determine how to spend 
the $9 wisely .. . It is that $1 that 
we are having most of our difficul- 
ties over.” 

Booster Details — The booster 
on which U. S. places its maje. 
space hopes in the 60’s will come 
alive first in a 3-stage configuration 
called C-1. A four stage version, 
C-2, will follow, and the ultimate 5 
stage C-3 will probably be the end 
of the development line, if it ma- 
terializes at all. 


The main booster for all three 
is a cluster of 9 tanks and 8 engines. 
It stands 82 ft tall and has a 260 in. 
diam. The center tank is 105 inches 
in diameter and holds liquid oxy- 
gen. All outer tanks have a 70 in. 
diam. Four hold liquid oxygen and 
four RP-1, a low cut of kerosene. 
With few exceptions, tanks are 5456 
aluminum alloy sheet. Sheets are 
contour milled to save weight in the 
flat condition, then rolled and join- 
ed by automatic fusion welding. 
Perforated stiffening rings are then 
spot welded in place. Tank ends are 
formed from chemically milled 
discs in a combination spinning- 
machining operation and joined by 
internal fillet welds. 

The tank dimensions’ were 
chosen by von Braun with a keen 
eye for economy. Tooling previous- 
ly developed for Redstone and Jupi- 
ter were put to good use on Saturn. 
Considerable modification of course 
was required, and some new tooling 
was needed. 


SPIDER FRAME supports forward ends of propellant 
tanks and carries accessories for auxiliary power and 
booster recovery. All major subassemblies are pre- 
assembled, then moved to final assembly area. Tool 
ring stays attached through fabrication and shipping. 


e 


/ 4 


AY 


TAIL SECTION is positioned in 24-ft tool ring. In 
succeeding operation large center LOX tank will be 
connected. Four inner and four outer thrust pads can 
be seen (arrows). Outer engines gimbal, inner engines 
are fixed. 
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SATURN C-2 CONFIGURATION 


1. Booster stage—S-I, 1.5 million Ib thrust, (8) H-1 engines 

. Second stage—S-2, 800,000 Ib thrust, (4) J-2 engines 

. Third stage—S-4, 70,000 Ib thrust approx., (4) LR-119 engines 

. Fourth stage—S-5, 35,000 Ib thrust approx., (2) LR-119 engines 
. Payload, 45,000 Ib in low orbit, planetary probes, moon landing 


arb w WN 


Dimensions: Booster 256-in. diam; height 230 ft approx. 


CUTAWAY OF SATURN BOOSTER 


Original drawing from 


FLIGHT 


Revised by Aircraft & Missiles 
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BOOSTER FOR THE SIXTIES . . . continued 


“Cannonball” start on Saturn's H-1 booster engines 
produces peak thrust 0.5 sec after propellants hit injector 


This tankage supplies the first 
stage with 750,000 Ib of propel- 
lants. The aft end of each tank is 
attached to an eight legged thrust 
frame and barrel assembly. The en- 
gines are also secured to this struc- 
ture. The forward end of each tank 
is attached to a circular spider beam 
assembly. All the LOX tanks are 
interconnected with each other, as 
are all the fuel tanks. This makes it 
easier to equalize loads during fuel- 
ing and flight. The LOX tanks 
shrink about 2% in. because of 
thermal contraction, so they cannot 
be rigidly attached to the fuel tanks. 
For this reason, the RP-1 tanks do 
not participate in the task of carry- 
ing thrust loads to the upper stages. 
About 60 per cent of the loads are 
transmitted by the 0.25 in. thick 
walls of the center tank. 

Engine Growth — Engines to 
power the first stage booster are 
also economical and tested. They 
do not extend the state of the art 
much. Rocketdyne has uprated the 
Thor/Jupiter engine to 188,000 Ib 


TANK WELDING rig has “serpentine design.” It can 
be collapsed or expanded by pneumatic action. Pro- 
vides good clamping action and precision fit. Stiffening 
ringframes are spotwelded in place. 
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thrust, repackaged some compo- 
nents and called it the H-1. To- 
gether they will provide 1.5 million 
Ib thrust. 

An H-2 engine is already on the 
drawing boards for Saturn. By using 
“bootstrapping,” H-2 will develop, 
from almost the same envelope and 
weight, 300,000 Ib thrust. This 
would give the 8-engine cluster 2.4 
million Ib thrust. Saturn can absorb 
this growth; its structural safety is 
designed 20 per cent above the re- 
quirements of those usually used in 
big boosters. This safety factor is 
about the same as that of commer- 
cial aircraft. 

From their attach points on the 
eight-legged thrust frame, all H-1 
engines cant outboard. Four engines 
on the inboard section of the thrust 
frame are rigidly attached, they cant 
at a 3 deg angle from the longitu- 
dinal axis of the missile. The other 
four engines are mounted outboard 
on the thrust frame. They are canted 
outward at a 6 deg angle. But these 
outer engines are gimballed and can 


swing about 10 deg to give roll and 
attitude control. 

Start-Stop System — Starting 
system on the H-1 has been ex- 
tremely simplified and thrust build 
up is rapid. Peak thrust is reached 
0.5 sec after propellants reach the 
injector. This produces what is 
known as a “cannonball” start. 

Mounted on Saturn, the engines 
are started in opposite pairs. A 250 
millisecond delay between pair 
light-offs eliminates extremely un- 
balanced loads or the full 1.5 mil- 
lion Ib thrust at once. 

A single electrical circuit fires 
the squibs that start the sequence. A 
solid propellant charge (6 Ib of am- 
monium nitrate) shoots a one sec- 
ond burst of gas into a semi-spheri- 
cal body on the gas generator con- 
taining LOX and fuel. The gas gen- 
erator is a small, film-cooled version 
of the main thrust chamber. Prod- 
ucts of combustion start the turbo- 
pump and it hits 5000 rpm in 450 
milliseconds. 

Propellant pressures rise to 800 


IN FINAL ASSEMBLY, center tank is joined to 
spider frame (left) and tail section (right). Transducer 
readouts and push button remote controls are used for 
precision alignment. Controls also allow rotation of 
entire booster in cradle. 
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to 1000 psig and force open spring- 
loaded LOX and fuel valves. As 
the valves open, they rupture end 
diaphragms of the pyrophore con- 
tainer and release a charge of alu- 
minum triethyl through the injector. 
The main fuel follows and is ig- 
nited. The entire sequence takes 
place in about 0.5 sec. 

It is planned to hold the Saturn 
on the launch pad for about 3 sec 
after the firing signal while engines 
build up thrust. Sensor instrumen- 
tation will assure that all 8 engines 
are Operating properly before hold- 
down mechanisms are released. 
Typical parameters measured will 
be chamber pressure, turbo-pump 
speed, and combustion stability. 
Should malfunction on any engine 
be sensed an automatic “shut down” 
sequence is triggered. This corisists 
simply of firing solid propellant 
charges that stop the turbopumps. 
But if all engines reach 90 per cent 
of design chamber pressure, the 
vehicle will be released. 

If one engine malfunctions, it 
can be shut down without affecting 
the mission if less than max payload 
is aboard. A second engine can be 
lost, if both are not gimballed en- 
gines, and some mission success ex- 


BOOSTER TRANSPORT is provid 
“walking gears” on the cradle in which the structure 
is assembled. Each wheel assembly consists of two 
pairs of independently braked and hydraulically steered 


aircraft tandem wheels. 
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ed by installing 


pected. Three of four gimballed 
engines are necessary for proper 
steering. 

There was early concern that 
the eight engines clustered in one 
housing would cause excessive vi- 
bration because of cross effects. 
However, tests to date show only a 
slight amplification of vibration 
energy levels in engine components 
over single engine levels. 

Second Stage Trek—The Saturn 
C-1 will use a second stage now 
under development at Douglas. Be- 
cause of its experience on Thor, 
Douglas is quite proficient fabricat- 
ing 2014-T6 aluminum and selected 
this material for Saturn. The second 
stage has a 220 in. diameter, and 
incorporates four Pratt & Whitney 
LR-119 engines of 17,500 Ib thrust 
each. Liquid hydrogen and liquid 
oxygen are the propellants. Pratt 
& Whitney manufacturers the en- 
gines in Florida, ships them to 
Santa Montica, Calif., where Doug- 
las does the stage assembly. The 
complete stage is then shipped 
through the Pacific Ocean, Panama 
Canal, Gulf of Mexico, loaded on 
a barge and moved slowly up the 
Mississippi, Ohio, and Tennessee 
rivers to Huntsville. After check 


out and mating the second stage 
goes back on the barge for a trip 
down the Tennessee, Ohio, and 
Mississippi rivers, around Florida 
in the Gulf, and then up the Banana 
River to Cape Canaveral. The sec- 
ond stage engines wind up only a 
few counties away from their manu- 
facture point after a 13,000 mile 
trek. The problems of insulating 
bimetallic couples of the second 
stage will not be easy. Nearly 10,- 
000 mi of this long trip is over 
water. 

The third stage of the C-1 ve- 
hicle is being built at Convair. It 
consists of a modified Centaur ve- 
hicle with two Pratt & Whitney 
liquid hydrogen engines. The 120- 
in. diam stage will be made largely 
from stainless steel because of Con- 
vair’s fabricating experience accum- 
ulated with Atlas. 

Follow-on Saturns — The C-2 
Saturn is the big one on which the 
real space hopes are placed. Von 
Braun has long talked of manned 
space stations, man on the moon, 
and Mars landings. This is the 
brute that will do the job. Will it 
put us ahead of Russia? Von Braun 
says, “it is bigger than anything 
they have now . . . but I consider it 


TOWED TO TEST SITE, maximum allowable ground 
speed is 3 to 5 mph. Booster will be transported to 
Cape Canaveral by sea-going barge and tug. Nearly 
60 per cent of Saturn launch cost is for ground support 
equipment. 


- ok Gig a renee a ee ae ee ee a a) Ai % ; , be 
wee ; ee ha ers See, Sean ate ere Pee Mik NS ee es ; ee p> ia re Nt ea 
ye ee a a, eee i act Nhe ar ma : A i fi Pr ee ‘ ie 
- ame i ee eam Vas. KE oat si Se Oe eee “ Hee Mt a Li, ee i pel PMR oie Fi Hate SX Ay ie 
; ? ' hee a D> ae a iz. tare eG ee Ee eee ee ea ee ee) a ee A ee (en 
us ae 
Be Se 
yeaa ees 
~ BS os 
as ae ae 
A ee 
ep [eee Bs 
Be Nee 
aes ae 
1 ee ee 
Ye 
ae es 
Bi 
re ae 
Pee fe 
ae: ty 
Rouen 
_ Lee aa 
: Pe aie, 
ae Se ae 
eet Sas 
baer oe 
= ame 
it? (eee 
=e) gas 
= ee si 
Be ds 
7 a eet 
ae ee 
ie ae 
Bes’ ity SS 
@ aa ae 
= 1 Soa 
PARE 8 
Bue) a 
hs eae 
2 BAe ory 
oa a 
ar eee 
Serpe 
aa 
eS 
aes 
Soy peer 
oO eee 
on ae 
ee tae 23 
pn 
PS ee 
i Ree. 
s gis ee ¥ 
Se 
Agee 
Bees te 
tas 
3 yE ae 
es bitin 
ie ee oe 
i ae 
te 
% leg eon 
: Be Nt aad 
J 7 ee. ‘ 
: Bg 
Be ne 
¥ b bie fe ’ 
es: 
y Oh Pate a 
: ‘ ‘ i pf s 
Ra 
eae 
pe tae 
z Rte. ake 
so ON i, je ies. ee ee a 
ae ~eo. gl Ser - x: “Reba? iy Lan: 
Binns: rie ae eet 4 _ 4 pie" ie aS, She 
ee '_ Lan | a Se ye 
& <4 tal . = \ > ass - a Le a. Pie Spee 
<a ois eee Nae | * _— me: dats te 
a ae — a : wt eh ae Bee ie 
1 x ae aS . , ° sre ‘os 
‘ ae -¢ ot ~~. is ee 
. ee P ail Lh sa “a = “4 Jen e 
Z_ 4 enn 7 2 oa - siesa - Sabpne 
\” KF : a i a i * ee 
a ° i ba ¥ <_ wo 34 " a i es Seth 
ae ne 3 ail # al 4 as 4 , 4 Re 
i te > ae * -— BS ba 
St 4 "| ~ # ails 
ee 3 4s , - a. oo" 
|} —J ee. ™ - % * hei Bh ihe 
ii ( Ny —y « le. re a aon 
‘ é VRP. a oe 
Bag “hy a. os ve ‘ pra A | emer 
“at Tv Pow) us a <4 . zi — fe 4 aia 
fay 5 . PSs ¥ rg * 4 J é a ue! 
j Dee a 77 _ = . Ff Vv BS as 
j : ~~.) ‘@ : ra a wy es Bh ea 
aie. —— _ -— - ft *&  ) : Diese 
at, — Te , Te - s >. oe a _ a ot Re ee en ee er ee Be ea as aa ad aa me); 
, t Me eel. Ry ) —} e ok ee St A Te e ; eek ie Meira eres 
ae out = ae ls 4 Pet, TERN 2 ee Se 7 3 | eee ts Vise — Be a 
vei og) 4 ate *. ” Tea aS ie — = 2 A i +s ie 5 ee is, ae Beh 4 
[eg om i et Aen . mS : a i ie [ SRE eect af ' . Me en Be he ae 
. ; Sr) Spian. - 2 Im, fr - = = eee ke _ 5 a eee s Be Gee: 
. oe es Mal . 4 Pee ' a P : cp eet Prae in 4 > hoy es 
b a ie i f Ws —— a ie = —_—-— i 1 % ies | ie Ba hate 
} o Q> i arigy: — ew in ‘ ) + SS ae Ee ' Ni (oe 
Wea q it ae a . ai: a | P Ber. AS Ok ae # BA di ere hie. 
% } 2 ‘ “ ; ee gly a : ae oe 
e: .. ao: aL. sue g ee > 7 : eres i 7 pape : een i Ss eye 
ee : : saa ¢< be j | ee , i ‘ Mee 
é \ ee -faate 4 Me — » a SE : J 4 - pred er Sureae 
‘ “ ee aa are r ae Ne dei a 2 
ait : a; i eal a = oo Be ‘ oa" aaa Poe 
oa . oy e 3 ae, > te 0 Bly iis ee eee bs ae 
see - ct”  @ & ae , ao Pit in 43 a - Fae BS ao 
oe: — * a ha ae > Wie Geir d ' A . je Pe ’ - aaa 
a ceils dite bale * ps Ee ae ee Lee a4 ike \- ae; Be aay 
an : fie oi) Agi Se . s in y-8 Sak | aaa ed eS ro Te 4 pe! < 
i RR Ee —— ~ ee ae ai . Nd ee a 
—e - ae ay rato: Guam ag SN Sa 4 aad Lup i Aas 
Hrs \ R ? bo | ~~ " ihe ss a yr Pe ee = Mg ey oe : ¢2 San sare ee 
. —e . iw 5 , e ' ES 
cs et if % -. , ‘ si ae — a eek a 
a ae a » : r? C pies 
Ss ii - Tae an 
Bei: Baa . 4a : ifr? +4 a vie oe ee 
i ee gf a Kr Le s t 
; Vee ee " ee ee | aN ae Bd, 
Pha Paes PGi a es B 4 Re isa te Rea a ae an 
ees ee an oe eee eee ee ae 
Pana Medak ae x ¥\ eS ae ek 8% 
Te pea TA oe ee ev ee 4 sa Mess 
oe “ ROS RG OT ee 
= he 
f ‘ oa : ‘oi 
21 SS 
=o ei. 
: a 
irae 
ee a 
} boat pee eer Pe ee ae I a 2 i Bin ee A eee EE ee waren eC: aif Le ee ae 
Lo en ae ai, POS aN No cingeuaaien ne 5 Sea ae) ie pete | a ee ee 
he ee ey, Ee ee es lee » ef y REEL 
et ea ee en Le i fo a . : var ae rie 


a 


BOOSTER FOR THE SIXTIES ... continued 


Production pace of 20 per year possible 
after R&D shots are completed in 1964 


very likely that they are busy at 
this very minute developing a rocket 
at least the size of Saturn.” 

The C-2 has one more stage 
than the C-1. It will be a cluster 
of 4 liquid hydrogen engines called 
the J-2. Each will develop 200,000 
Ib of thrust and Rocketdyne has a 
$44 million contract to develop the 
engine in 4% years. First models 
will have single-start capabilities, 
but changes in later models will al- 
low multiple starts in flight. 

The 5 stage C-3 is largely spec- 
ulative in concept. It could use 
nuclear upper stages, it could use 
several J-2’s as a new stage between 
the second and third stages of the 
C-2 vehicle. It could be many 
things. Or could not be at all, be- 
cause Rocketdyne is also working 
under NASA contract on a 1.5 mil- 
lion Ib thrust single chamber engine 


SERVICE GANTRY & ERECTION 


(PHASE I) 


TRACK MOUNTED GANTRY will be used to erect 
overall Saturn vehicle at Cape Canaveral. Structure 
has bridge crane suppporting two hooks at 40 and 60 


called the F-1. It will use a liquid 
oxygen/kerosene propellant system, 
bell-shaped nozzle, and regenera- 
tively cooled tubular walls. Cluster- 
ing four, or six of these engines in 
Saturn style and adding 3 liquid 
hydrogen upper stages would pro- 
vide a vehicle that could soft land 
a 25 ton payload on the Moon. The 
vehicle is tentatively called Nova. 

Production Rates—Before No- 
va, how many Saturn vehicles will 
there be? Von Braun doesn’t want 
to over extend himself. He has now 
set what he considers a logical pace. 
A back up vehicle will be ready 
should anything go wrong in the 
operational shot in 1964. From 
then on he says, “After we pass the 
hurdle of R&D firings (and Saturn 
is generally liked) there is no rea- 
son in the world why with more 
funds we couldn’t go up to a pro- 


tons capacity each. Hooks are attached to rear and 
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duction rate of 10 or 20 a year. 
From then on it’s just like putting 
a large aircraft in quantity produc- 
tion.” 

Key Personnel — Who are the 
key men now helping von Braun to 
speed Saturn along at Marshall 
Space Flight Center? He has two 
deputy directors. Dr. Eberhard 
F. M. Rees, is the deputy director 
for research and development; di- 
rector for administration is Delmar 
M. Morris. 

There are 10 divisions in the 
R&D organization. They are listed 
with their directors: Aeroballistics, 
Dr. E. D. Geissler; Computation, 
Dr. Helmut Hoelzer; Fabrication 
and Assembly Engineering, Hans 
Maus; Guidance and Control, Dr. 
Walter Haeussermann; Launch Op- 
erations Directorate, Dr. Kurt De- 
bus; Research Projects, Dr. Ernst 


SERVICE GANTRY & ERECTION 


(PHASE IL) 


forward section of booster respectively. Booster is 
tilted 45 deg from transporter cradle, lifted to pad 
height (Phase I) and positioned vertically (Phase II). 
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Stuhlinger; Structures and Mechan- 
ics, W. A. Mrazek; Systems Analy- 
sis and Reliability, Dieter Grau; 
Systems Support Equipment, Dr. 
Hans Hueter; and Test, Karl Heim- 
burg. 

Directors of staff and project 
offices are: Saturn Systems, Dr. O. 
H. Lange; Agena and Centaur Sys- 
tems, Dr. Hans Hueter; Weapons 
Systems, Werner Tiller; Future 
Projects, H. H. Koelle; Technical 
Program Coordination, Dr. George 
Constan; Technical Services, David 
Newby; Management Services, V. C. 
Sorensen; Financial Management, 
Claude Stockton; Procurement and 
Contracting, Wilbur Davis; Man- 
agement Analysis, Chauncey Huth; 
General Counsel, W. E. Guilian; 
Patent Counsel, John H. Warden. 
ys 


A REPRINT 


of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa. 
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STATIC TEST STAND at Hunts- verted from original capacity of booster. Engines were attached at 
ville can accommodate over 2 mil- 500,000 lb. Tooling ring has been __ test stand after booster was put in 
lion Ib of thrust. Stand was con- removed from rear section of Saturn _ place. 
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Ready for duty 


on your 


space-age team 


Since making the first high altitude suit in 1934, B. F. Goodrich has been 
engineering ahead for space. Today, we offer capabilities in plastic laminates, 


solid fuels, rocket motor cases, nozzles...and a host of special 


products involving rubber, chemicals, metals, and synthetic materials. 


Check this broad source of experience for assistance on your space projects. 
B. F.Goodrich Aviation Products, a division of The B. F.Goodrich Company, 


Dept. AM-1, Akron, Ohio. 


Mock-up of Project Mercury capsule, built by McDonnell 
Aircraft Corporation for the manned orbital flight program of 


the National Aeronautics and Space Administration. 


SUITING UP THE ASTRONAUTS The pressure suits to be worn by the Astronauts are 
now being fitted by B.F.Goodrich. This suit must maintain enough pressure to keep a man’s blood 
from boiling, must provide air to breathe, must protect against searing heat. In the bargain, this pres- 
sure suit is light weight and flexible enough to allow free movement. 
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In “Big Joe” test launching, full scale 
model of Mercury space capsule was 
boosted 100 miles high atop this Air 
Force Atlas missile. Capsule was protected 
by a B. F. Goodrich laminated glass fibre 
and resin heat shield fabricated under 
subcontract to General Electric. 
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| HIGH ENERGY SOLID PROPELLANTS This static test stand is one of 56 specialized facilities at the B. F.Goodrich 
i _~ solid propellant plant...currently processing and loading solid fueled motors of the LOKI, RTV and ASP types. BFG pioneered the 
of ' development of the major polymeric binder-fuels now being used in the most advanced missiles. 
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RVX-2 Re-entry/Recovery Vehicle, the Satellite Aeromedical Re-entry/ Mark-3, an advanced operational-type 
largest ablation-type re-entry vehicleto Recovery Vehicle for USAF Discoverer re-entry vehicle for the Air Force Atlas. 
travelfulllCBM-rangeandberecovered. Program. 
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How Much For Space? 


By Dr. Franco Fiorio 


The Congressional Commit- 
tee for Science and Astronautics 
estimates that $3.5 billion per year, 
for the next several years, will be 
spent for research and development 
in the field of space. An additional 
sum will be spent for hardware, 
about $500 million per year. Total 


‘TOTAL. DEFENSE 


BUDGET 
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expenditure—$4 billion per year. 

The pace of $4 billion per 
year appears rather conservative in 
view of what happened in the past 
three years and of its extrapolation 
in the future. 

Official statistics, available 
at the Government Printing Office, 
on Gross National Product, Total 
National Budget, and the Defense 
Budget were used to compile the 
graph on future space costs. 

If the trends of the past five 
years follow for the next 10 years, 
simple extrapolation shows: 

1. The amount of the De- 
fense Budget is increasing, yearly, 
at a lesser rate than the Gross Na- 
tional Product (GNP) and the total 
National Budget, which have ap- 
proximately the same growth factor. 
Percentage-wise, the U. S. will be 
spending less and less for National 
Defense in the coming 10 years, 
barring major war or a complete 
change in policy by a new adminis- 
tration. 

2. By 1970 the total Space 
Budget (NASA and DOD, includ- 
ing ballistic missiles but excluding 
aircraft) and including pure and ap- 
plied research in the space area, 
will be approximately $36 billion 
per year—27 for DOD and 9 for 
NASA. This is a conservative ex- 
trapolation, but substantially higher 


than the figures predicted by NASA 
in its 10 year plan. 

3. The extrapolation of de- 
fense spending shows a budget of 
$52 billion in 1970. Theoretically, 
$72 billion is available if defense 
spending follows the same growth 
gradient as GNP and total Govern- 
ment spending. Thus, there will be 
$20 billion more to spend in 1970 
either for DOD or NASA. One of 
the major tasks of the new Presi- 
dent might well be the cutting and 
distribution of this particular cake. 
In any case, even the conservative 
estimates on the diagram for the 
total NASA budget, for NASA ex- 
penditures and for total Space ex- 
penditures are bound to be in- 
creased, if part or all of the $20 
billion are going to be distributed. 

With the acceleration of the 
race between East and West, at 
least $15 billion of those 20 will be 
used for additional space activities. 
This will bring the total yearly out- 
lay for space by 1970 to about $51 
billion including the $36 billion for 
the Space Budget. Each step of de- 
velopment will certainly _ bring 
about the need of more programs 
and more funds. 


Based on a paper presented at 15th 
Annual Meeting of the American Rocket 
Society by Dr. Franco Fiorio, U. 8. Liaison 
Officer of Italian Space Commission. 
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Profitless Prosperity 


By Courtlandt S. Gross, President, 


Lockheed Aircraft Corp. 


From statements of President- 
elect Kennedy and others, it appears 
that defense spending will be 
stepped up in the next year by per- 
haps $2 or $3 billion. It may con- 
tinue at this level, or even more, for 
the rest of the decade. 

There will be a somewhat higher 
level of defense spending in the 
immediate future. This may sound 
like a golden bonanza for the de- 
fense business. Do not be deceived. 
It may turn out to be a period of 
greater business, but a tougher 
scramble for profits—a period of 
what we might call “profitless pros- 
perity.” 

One problem—and one with 
which we can’t find fault in prin- 
ciple—is a general concern by mili- 
tary agencies and congress with 
mounting costs. This is a continu- 
ing problem, but next year it will 
receive increased emphasis. 

General Mark Bradley feels 
that many costs are overstated in 
incentive contracts and that im- 
provements over targeted expenses 
too often come from this original 
overstatement rather than the in- 
creased efficiency to which we in 
the industry attribute these cost im- 
provements. He believes some com- 
panies have set unreasonably low 
target figures on CPFF contracts— 
as a means of getting the business 
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and then seeking payment for over- 
runs of targeted figures. He thinks 
some of our “make or buy” deci- 
sions are open to criticism. He says 
some contracts the primes write 
with the subcontractors do not al- 
ways guarantee the lowest costs. 
He thinks we could halve the num- 
ber of sole source subcontractors. 

Tighter control over costs is not 
only the ethical thing to do but ob- 
viously good business practice that 
in the long run is the most profit- 
able. The high cost producer, one 
way or another, will be weeded out. 

The defense industry will be 
subject to an _ increasing profit 
squeeze along with this cost cutting 
pressure. Profits resulting from 
legitimate economies will be sus- 
pect. Overruns will be questioned 
more closely. Renegotiation will 
hover above prime contractor and 
subcontractor alike, continuing to 
cut into profits. 

In this matter of general cost 
tightening, many firms, perhaps for 
the first time, are coming up against 
cost disallowance criteria estab- 
lished by DOD for CPFF contracts. 
With the greater use of CPFF and 
price - redeterminable subcontracts 
in developmental programs, this 
matter of cost disallowances is go- 
ing to be more widespread. Primes 
have the unenviable role of policing 


and requiring these disallowances. 
The practice of excluding certain 
ordinary business costs such as in- 
terest on borrowings is undoubtedly 
part of the general atmosphere of 
tighter control and less freedom 
for exercising business judgment. 

In making sub-contract termi- 
nation settlements, the primes are 
required to obtain clearance from 
the military on both the amount of 
settlement and the disposition of 
inventory. Only hope for relief 
seems to lie in legislative changes. 

There are other ways, too, in 
which companies feel a tightening 
in government financing philosophy. 
One is in the funding of contracts. 

Another pressure is for private 
investment in facilities, even though 
many of those needed are special 
purpose and hard to adapt to other 
uses. 

In the last congress there were 
a number of efforts to add to the 
government restrictions. The prin- 
cipal move was defeated for the 
time being—the effort in H.R. 
11207 to place subcontracting pro- 
curement within the framework of 
Small Business Administration con- 
trol. Such legislation will saddle us 
with yet another regulation, yet an- 
other administrator, at a time when 
our chief trouble is that we are 
over-legislated and over-adminis- 
tered. 

The struggle is not over. Forces 
are regrouping. This small business 
proposal or one like it will almost 
certainly be reintroduced in the 
next congress. i 

Net effect of all this legislation, 
these rules and practices, this hos- 
tility to fair and adequate profit 
from defense work, this encroach- 
ment upon the rights and principles 
of private enterprise is bound to 
make defense work less attractive. 
Imposition of excessive government 
controls is discouraging incentive. 


+ 


A REPRINT 
of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa. 
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SPECIAL REPORT 


THE NEXT TEN YEARS IN SPACE 


Guidance And Secondary Power Needs 


JPL details systems and component development schedule 
to bring NASA's Ten Year Plan to reality 


By W. E. Giberson, Chief, 
Guidance and Control Div. 
Jet Propulsion Laboratory 


What do we need in guidance 
and auxiliary power for the next 
ten years in space? Based on 
NASA’s announced Ten-Year Plan, 
Jet Propulsion views it this way. 

Basic Ranger Hardware — The 
guidance, control, and power sub- 
systems that will be used to impact 
a package on the Moon in 1961-62 
with the Ranger, will also be used 
in the Mariner-Venus spacecraft as 
late as 1966. But, an horizon-scan- 
ner planet tracker for orientation of 
the vehicle toward Venus will be 
added. The planet tracking unit 
will lock on the geometric center of 
a “partially lit” planet at distances 
between 300,000 and 6000 kilom- 
eters. Either visual or infrared sen- 
sors will be used. This part of the 
development is not firmed since 
Venus probes extend the last half 
of the decade. 

Approach Guidance—The next 
major increase in capability will be 
the addition of on-board planetary 
approach guidance. Midcourse 


28 


guidance equipment already devel- 
oped in Ranger will be augmented 
by new elements. These include ac- 
curate sensors for determining the 
angles between the centers of Sun, 
the planet, and reference stars 
(which may be as weak as third 
magnitude) to accuracies of | min 
of arc or better, at ranges between 
3 million and 50,000 kilometers. 
Digital computation capability for 
matrix multiplication, square root 
extraction, and inverse trigonometric 
function will be required. Flights 
utilizing such equipment are ex- 
pected in 1964. Simple means for 
locating and identifying various ce- 
lestial bodies are also needed. 
The capability to orbit and land 
on the planets will be the next re- 
quirement. Orbital injection guid- 
ance systems equivalent in complex- 
ity to simple satellite launch vehi- 
cle systems, will do the job. A 
horizon scanner operating only 
a few hundred kilometers above 
the surface of the planet is 


expected to be one of the prime 
components. Also, a versatile tim- 
ing, sequencing, and logical con- 
trol will be required to execute the 
scientific experiments of the space- 
craft, as well as sensing and control 
operations for the orientation of 
antennas, etc., from the planetary 
surface. 

For landing vehicles, the meth- 
ods of sensing altitude and altitude 
rate and cross-velocity are needed. 
Need is greatest immediately for 
lunar soft landing spacecraft, and 
later, probably, in planetary land- 
ing operations. 

In planet flights, there is a pos- 
sibility that celestial, midcourse 
navigation and guidance requiring 
angular measurements of 5 sec ac- 
curacy, and more voluminous com- 


‘putations of the type mentioned 


above will be used. For navigation 
current emphasis is on position- 
measuring guidance schemes. 
Attitude Control—Considerable 
improvement is needed in attitude 
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control actuation. Outstanding re- 
quirements are for long-life and high 
weight-efficiency. This points to the 
use of hybrid systems with conserva- 
tive momentum-interchange devices 
(flywheels and reaction spheres) in 
combination with various noncon- 
- servative torquing devices such as 
mass expulsion or solar torque. 
Methods of reducing the weight of 
the nonconservative portion include 
. raising the specific impulse of the 
working substance, and reducing 
the tankage weight. 

The lifetime requirdd of the 
spacecraft is 3 to 6 months. For 
orbital and landing missions, the 
lifetime can be expected to increase 
up to 1 year. For missions to the 
distant planets, preliminary informa- 
tion indicates that lifetimes of at 
least 242 to 3 years will be required. 


REQUIREMENTS— 
COMPONENTS AND DEVICES 


Sensors—To meet the attitude 
control and guidance needs over the 
next half decade, sensors having 
approximately the accuracy shown 
in Fig. 1 will be required. For 
reference, the present performance 
of sensors in Ranger is indicated. 

Dates shown correspond to the 
availability of a working prototype, 
which can be reproduced for flight 
use with only minor design cleanup. 
Although accuracies of 0.001 deg 
are shown, this does not imply that 
the entire spacecraft will be con- 
trolled in attitude to this order of 
accuracy. It is unlikely the space- 
craft will be controlled to better 
than 0.05 deg. The high accuracies 
are required in guidance sensor sub- 
systems such as gimballed star and 
plannet seekers and trackers which 
can be made independent of the 
exact vehicle orientation. Since the 
same sensor might be utilized for 
both guidance and control, the 
higher guidance performance re- 
quirements are indicated. 

U mecessary Complication— 
Schemes have been proposed for 
stellar identification which allow a 
great number of directions to be 
recognized by providing coverage 
over an entire sphere. Such schemes 
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FUTURE NEED 
Sensor Measurement Ranger ‘ay 
Performance Date 
Sun Angular deviation from line toward center 0.1 0.01 deg. CY-"62 
of Sun. 0.001 deg. CY-"64 
Planet Sensor Angular deviation from center of Radiation 0.2 0.01 deg. CY-"62 
Altitude Control of a planet. 
Planet Sensor Angular diameter and deviation from true 0.01 deg. CY-"62 : 
Guidance center of a planet. Long range. 0.001 deg. CY-"64-"65 
Horizon Scanner Angular diameter and deviation from true | 0.1 deg. CY-"64 
center of a planet. Long range. 0.01 deg. CY-62 
0.001 deg. CY-'64-"65 
Star Angular deviation from a star. 0.01 deg. CY-’62 
0.001 deg. CY~-"64-"65 
Gyroscope | (1) Short-term reference during commanded 0.2/hr 0.001°/hr CY-"64-'65 
turns of spacecraft away from celestial 
teferences. 
(2) Angular rates of turn. 


involve storage of “star maps” to 
be compared with observed pat- 
terns. Star catalogues would be 
compared with observed spectral 
characteristics. The ability to recog- 
nize many directions around an en- 
tire sphere introduces an unneces- 
sary complication for missions with- 
in the solar system. A much sim- 
pler method is to acquire the Sun 
first, then get a complete coordinate 
reference system by identifying one 
other star direction. 

Based on the best information 
available to JPL there are no sensor 
developments that require a true 
technological breakthrough in order 
to meet the requirements shown in 
Fig. 1. The reliability of existing 
sensors, is, however, far from ade- 
quate for the mid-60 flights, how- 


‘ever. 


Gyro Needs—Gyro performance 
requirements are shown in Fig 2. In 
the typical gyro applications of near 
future, stability will be an important 
design criteria. The predominant 
source of errors (when it is realized 
that acceleration effects will be min- 
imal during normal operation 
phases) will be the restraint and re- 
action torques—sometimes referred 
to as fixed torques. These torques 
plus their variations in stability are 
of particular concern and should re- 
ceive increased emphasis by in- 
dustry. 

Advanced inertial sensors such 
as the electrostatic supported gyro 
and the cryogenic gyro are of inter- 
est. It is estimated that perform- 


FIGURE 1—SENSORS FOR GUIDANCE AND ATTITUDE CONTROL 


FIGURE 2—GYRO PERFORMANCE 
REQUIREMENTS 


REQUIRED PERFORMANCE 
Characteristics 

Present | 1962 1964 
Mass Unbalance .2°/hr/g 0.1 0.05 
Mass Stability .2°/hr/g 0.1 0.05 
Reaction Torques -7°/hr 0.2 0.1 
Reaction Stability .5°/hr 0.05 0.01 
Restraint Torques 1°/he/mi 0.05 0.01 
Restraint Stability mS | | 0.05 0.01 


ance in the region of 0.005 deg/hr 
with digital data readout will be 
useful in the 1963-1965 era. 

The future need for acceleration 
sensors hinges on the introduction 
and utilization of electrical propul- 
sion systems, and on component 
availability. Since neither can be 
accurately forecast, JPL has made 
engineering estimates of the future 
requirements. Low levels of accel- 
eration acting for long periods of 
time can be expected. A sensing 
device having a dynamic range of 
10° or better will be required. The 
lower bound of repeatability would 
be in the region of 3 x 10° g’s. 

Pulse torquing of the inertial in- 
struments appears to be a desirable 
mode from the standpoint of accom- 
plishing the digital computation and 
operation. 

Future developments should be 
aimed at obtaining present day ac- 
curacies with simpler circuitry. 

Actuators—The on-off cold gas 
mass expulsion system is the main 
actuation technique used in Ranger, 
others are shown in Fig. 3. The 
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GUIDANCE AND POWER REQUIREMENTS . 


-continued 


Plans for next decade in space show need 
for better computers, nuclear generators 


Ranger components are simple and 
moderately well developed. Linear 
or semi-linear flow control type 
valves having leakage rates in the 
region of 5 cc/hr or less in the off 
position and flow linearity of 20 per 
cent or better are desired. Over the 
long term, it would appear that re- 
ductions in the limit cycle and leak- 
age are required. The use of hot 
gas mass expulsion systems is indi- 
cated around the middle of the dec- 
ade. Hot gas pulsed systems having 
an impulse per actuation of 0.005 
to 0.01 Ib-sec and an integrated 
thrust of 0.5 to 1.0 lb appear attrac- 
tive if the reliability required can 
be obtained. A throttleable system 
with a thrust range of 0.01 to 1.0 Ib 
and a minimum burning time of one 
second appears useful around 1965. 
Fig. 3 shows JPL’s estimated re- 
quirement for momentum _inter- 
charge devices. 

Two additional items relate to 
spacecraft actuation requirements: 
(1) digitized angular pickoffs and 
(2) special boom or articulated plat- 
form actuation devices. Digitized 
pickoffs having an accuracy of 20 
to 30 sec of arc over 360 deg are 
required in the next few years for 
such items as optical and inertial 
sensors. The Accuracies approach- 
ing 2 to 5 sec of arc are desired in 


the long term. The pickoff device 
should be very simple, highly relia- 
ble and physically small. Presently 
available devices are complex 
and/or physically too large and 
generally require too much periph- 
eral equipment. 

Actuation devices for moving 
articulated assemblies having the 
following characteristics are re- 
quired within the next five years: 

®@ Output torque—S to 10 ft-lb 

© Output rate—1 to 5 RPH 

® Weight—2 to 3 lb 

@ Input power — | to 3 watts 

when actuating 

@ Actuation technique—simple 

stepping action preferred 

Requirements can probably be 
met with existing techniques, but 
considerable improvement in relia- 
bility and long life operation in the 
space environment is required be- 
fore they can be applied. 

Computers — During the next 
ten years, spacecraft computers will 
be needed for three different classes 
of problems. Beyond this time, all 
computations may be accomplished 
by a single spacecraft computer. 

The first type of computation is 
that necessary to solve the naviga- 
t.yn problem itself. This will be a 
relatively long computation without 
severe speed requirements. 


FIGURE 3—-ATTITUDE CONTROL ACTUATION 


: Force 
Technique Characteristic 
| 
Cold Gas lap = 80 sec 
Mass - — -— Soe 
Expulsion 
Hot Gas Tap = 200 sec min 
275 sec desired 
Vapor | lxp = 80 sec 
Pressure 
Reaction -- 
Wheels 
Momentum | —|- ——--—- 
Interchange Reaction 
| Sphere 


| 


Solar Pressure 


(Near the Earth's Orbit) 10°77 Ib/ft? 


Useful Torque 


Range, Ft-Lb §_—_— Utilization Application 
| Complete System 
0.001 to 25 1960-1962 used in cruise 
mode 
Reset momentum 
0.01 to 30 1962-1964 device or 
complete system 
Reset momentum 
0.001 to 0.1 device or 
complete system 
With auxiliary 
Otol | 1962-1964 reset mechanism 
for trim mode 
0 to 0.3 1962-1964 
ae % | Reset momentum — 
To2x 105 1964-? device 


— 


30 


C1 ae 
ote 


Rioin 


Second, is the storage and proc- 
essing of scientific data. A large 
part of this work will take place dur- 
ing the terminal phases of the mis- 
sion. High-speed computation will 
be needed, eventually in the mega- 
cycle range. Storage capacities of 
a million bits are foreseen within 
two years and later systems will 
need to be much larger as the num- 
ber of experiments increases. 

The third area of use is control 
of the spacecraft and its experi- 
ments. This may vary all the way 
from control of the guidance sensors 
and spacecraft maneuvering, to con- 
trol of advanced vehicles for ex- 
ploration of planetary surfaces. 
Since the environment is either not 
known or subject to wide variation, 
the techniques applicable to adap- 
tive control systems need to be de- 
veloped to implement these latter 
estimated requirements. 

The spacecraft must operate un- 
attended for periods of time which 
will eventually reach several years. 
Although improved reliability is of 
importance throughout the entire 
electronics field, it is critical for the 
spacecraft computer because of the 
large number of components in the 
machine and the fact that a single 
error early in flight could abort the 
entire mission because of the se- 
quential nature of the calculations. 

Component Reliability—In the 
development of new components, 
the emphasis should be on reliabil- 
ity. The microminiature semi-con- 
ductor techniques will be useful 
from the size, weight, and power 
consumption standpoint but may be 
used only if they can be developed 
to a reliability greater than that of 
present day regular size transistors. 

All- magnetic circuits appear 
promising for guidance calculations 
particularly if the power require- 
ments can be decreased. Present 
materials require excessive power 
in the several-hundred-kc/sec clock 
range. The advent of nuclear power 
sources will both reduce this limita- 
tion and make these devices even 
more attractive since they are prob- 
ably more radiation resistant than 
semi - conductors. A high density 
storage system of several million bits 
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capacity is needed within five years. 
A random access memory as well 
as a sequential memory will be 
needed to satisfy the control prob- 
lem which will ultimately require 
high speed computation. The data 
storage may reach 10 million bits 
by this time. 

Shift In Emphasis—Techniques 
should be developed to enable the 
computer to detect errors and cor- 
rect them, either by rescheduling 
the calculation or by switching out 
defective circuits and _ replacing 
them. Such techniques require a 
shift in emphasis from present day 
research and development which is 
largely aimed toward rapid locali- 
zation of faults so they can be re- 
paired by a maintenance man. 

An example of component de- 
velopment needed is in the area of 
magnetic drums. A typical drum 
required for a spacecraft navigation 
computer should have a 100,000-bit 
storage capacity. Steady-state power 
requirements should be less than 5 
watts. All parts of the drum system, 
heads, bearings, and coating must 
have a high (99 per cent) proba- 
bility of an error-free running time 
of a year in a vacuum greater than 
10° mm of Hg. The drum system 
must withstand the launch environ- 
ment with regards to vibration, 
shock and temperature and the non- 
operating sterilization temperature. 

Secondary Power—Power sys- 
tems in spacecraft during 1961 and 
1962 will make use of photovoltaic 
cells, primary batteries, and static 
converters and inverters. As shown 
in Fig. 4, the unregulated power 
requirements during this period will 
be about 160 watts in space; regu- 
lated power outputs will total about 
100 watts. It is expected that this 


FIGURE 4—POWER-WEIGHT 
REQUIREMENTS 


POWER, WATTS | WEIGHT 

Unregulated Regulated (| Pounds 
1962 160 | so | 0 
1964 oo | 1 | 280 
1966 2500 | «(1800 | §00 
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type of power system will also be 
used during the 1963 and 1964 
missions, with the possible addition 
of secondary batteries or fuel cells. 
Power levels desired during 1963, 
1964, are estimated to be 400 watts 
unregulated and 240 watts regu- 
lated. 

The space missions of 1965- 
1970 will need a continuous un- 
regulated power capability of about 
2500 watts. Photovoltaic sources do 
not presently appear feasible for 
this amount of power due to their 
high cost. Solar or nuclear powered 
thermionic or turbine generators ap- 
pear considerably more attractive 
for this application. Solar thermo- 
electric systems may be useful 
where the advantage of the ultra- 
light weight more than offsets the 
disadvantage of the additional col- 
lector area. Large solar collectors, 
however, pose rather severe con- 
straints upon the spacecraft design 
from the points of view of restrict- 
ing scientific instrument viewing 
angles and of requiring continuous 
and accurate attitude control 
throughout flight. In addition, sys- 
tems operating from solar power 
require fairly radical changes in 
order to accommodate the large 
variations in solar flux available for 
various interplanetary missions. 

The majority of the effort ex- 
pended in the development of 
photovoltaic cells should be directed 
toward increasing their efficiency 
and reducing their cost. (Fig. 5). 
It is expected that cost will have to 
be reduced by a factor of about 5 


FIGURE 5—VITAL STATISTICS OF 
POWER SYSTEM ELEMENTS 


Available Desired 
Photovoltaic’ Panels 
Watts/Ib 4 | 6-7 
Efficiency (in space) 98-10% | 16% 
Batteries—Primary 
Watt-hr-ib 50-80 100 
Stand by life-days at 80°F | 30-60 | 150 
Batteries—-Secondary | 
Watt-hr /Ib 5-20 | 20-50 
Charge—discharge | 
efficiency 60-75% 70-85% 
Life—Cycles 
(90% discharge) 200 approx. | 500 
Inverters and Converters 
Watt/ib 3-7 | 7-15 
Efficiency 70-85% 80-90 
Regulation 1% 0.1-0.57% 


during the next 5 years in order to 
be competitive with other compon- 
ents except possibly for very low 
powered systems. 

Batteries—Weight reduction of 
both primary and secondary bat- 
teries should be the chief objective 
during the next few years. Effort 
should be devoted to increasing the 
life of the cells, particularly with 
regard to primary batteries, in order 
to permit the fulfillment of long 
duration missions. 

It is expected that fuel cells will 
not be available for space missions 
prior to 1963-1964. The non- 
regenerative cells should be capable 
of about 150 watt-hr per pound by 
this date in order to be competitive 
with primary batteries. The cor- 
responding capability for regenera- 
tive cells is about 50 watt hours per 
pound. 

Secondary batteries should be 
improved with regard to charge- 
discharge efficiency in order to ease 
power requirements for orbiting 
missions. (Fig. 5) 

Emphasis should be placed 
upon reducing the weight and cost 
and increasing the reliability of 
static inverters and converters. Ef- 
ford should also be devoted to re- 
ducing the noise and transients 
produced by these units. 

Development of thermionic 
diodes should accentuate the exten- 
sion of operating life to many 
months and eventually years. Im- 
provement in efficiency, power 
density, and producibility are other 
important considerations. 

Increase in efficiency appears to 
be the major factor in improvement 
of thermoelectric elements. 


A REPRINT 


of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa. 
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Radome designed and built by Long Sault 
Woodcraft Limited, St. Andrews East, Quebec, 
for the United States Air Force RADC. 


Radar antennae along the upper perimeter of North 
America’s defense system are enclosed by protective 
domes which stop ice, snow, and gales up to 150 mph. 

This precisely engineered pattern of fiberglass 
panels is erected quickly and surely, under the most 
adverse field conditions, using recessed Simmons 


DUAL-LOCK fasteners. 


DUAL-LOCK is ideally adapted to panel fastening 
for military shelters, demountable shipping contain- 
ers, aircraft cowlings and guided missiles. 


Features: 

e High load characteristics. The standard No. 1 
DUAL-LOCK withstands 2500-lb. tension, and with 
modifications, tension loads of 7000 lbs. and over. 

® Double-acting take-up provides great closing pres- 
sure, with minimum pressure on operating tool. 


Looking upward from the inside of the world’s largest 
stressed skin sandwich radome built of translucent fiberglass panels, 
securely joined by hundreds of DUAL-LOCK fasteners. 


e Positive-locking. Trigger action insures fully open 
and fully closed positions. 


e Vibration-proof and impact-proof. Will not acciden- 
tally unlock or loosen. 

Write for catalog 41257. Complete specifications, 

drawings, details of DUAL-LOCK and other Simmons 

Fasteners with unlimited money-saving applications. 
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Si for NONS FASTENER CORPORATION 


1795 North Broadway, Albany 1, New York 


Circle 12 on Inquiry Card 


Circle 13 on Inquiry Card ——_» 
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Specialized Facilities for 


STAINLESS STEEL 


Custom and Conversion Rolling 


1214" SENDZIMIR MILL @ Our 12% inch “Z” mill rolls all metals to thick- INSPECTION @ Inspection, both visual and beta gauge, with 
nesses as thin as .0003”. continuous recording guarantees close tolerance satisfaction. 


iti 
io 4 


_- 
= G Reliable Rodney says: 


“The first super-thin, extra wide (24") precision 
rolling of the following alloys was done right 
here at Rodney: high nickel, uranium, titanium, 
stainless, columbium. A combination of 
specialized equipment unequalled in the 
industry makes Rodney a tailor-made plant 
for conversion. We have these additional new 
E ; facilities to give you the finest quality and 

am | a POO SE pa SH e. Ae i service in processing super-thin, stainless steel 
ACID CLEANING @ The first continuous acid cleaning and pickling line and special alloys. Let us convert your 

of its kind in the country. metals and alloys to the exact specifications 

you require.” 


RODNEY ROLLED IS 
QUALITY CONTROLLED 


Write for illustrated brochure describing our 
complete facilities. 


RODNEY METALS, INC. 


(MILL) NEW BEDFORD, MASS. 


West Coast Office and Warehouse: 
5462 East Jillson St., Los Angeles 22, Cal. 


SLITTING @ Precision slitting entirely separate from our facilities for stand- 
ard production. 


ES Ra a i ar | TEN aie aca ie 4 by Teh Salient aR eit VE ae a it See eee Re Fy z,. As Lhe See pa) fs 

ee ae : Re bo es es ae foe ae 4 ae oS ee ai ek Sa tei een he at Rak, mente Ree Boe hepa i te reer 
eae enn en ae oO ae ae a ee ee kee eee 
pear AG , 0 ea? > ee ce : : ay emer 2) Gh ee ‘ee ae 
ee 
| { tegen 
aN : ates 
¥ pe as ae DAE 
AE 2 ee 
| 2 ae: le 
mo - v. ool e . | Ne > re) Ae 
Gas ba 2) ee 

Pi Saale ait | Pr: lee el le et 
SNF ay? - ee ’ >. 4 } = wy bg 2 ae » Bye ; J a e . ~~ st ‘ ya 
ers be t x2 z a sos We Ee — is fe if 
ae / tt ah. ———— aoe Oo Ri i’ ae 
m™ < Fe ioe ps \\ i ON ale 
ke a » Kee < 7.) — - . a) : ; sii) « oy [x ‘ ne 1 
a? ee Z y Wa var - 
a M D a ons —-f fs ~ a se! @ wit: >t bie rf ,, ; - > ee 
SS ~—- > se + > it ——S ee \e 0 my " —_ |) 5 te 

y > \ cea =. * z e- i ie Ca ~j 7 oe / @ a i) Sate ok 

p » * wa Pe " > > » ‘ j , dip > \\ ji yi _ Ee ae 
ee: 2 | a=] _ Bea ey, 1/|) Wags ~ fo «2 Na 
_— z~ ' r/o oe |) FS "4g a)i/ aoe | —ae Sk, , a ag 
“iat r* ¥. F F a t ae os 9 , 5 ee i - . Be . ieee os 

‘ - y te NM : ESN ji = Sif — ~~ em 
| ie pS ya 
e a ~_ a . F , - Ac 
eC a i wate 
i: me | 
i a 4 

. \ ‘ape 

i ae i — sn iti ear ae 
Bind ae ws ” , ne | Saleer” 
.—lruhuwX _ax SRP es J > - 7. 
Tien i . 8 ae 
: civic, | | PS 
Pa "ih Need oe /. 108 be ed 
(RR wd Bh Be 
cs ae 
ah ee 
f ; Bees ocr) 
y ; es ‘; . 

eae 

ae 

oa ta) 

fF 

| a 
va iS. anges ap’ >? ee aes 

si 3 ‘ 7 < say Y i Pr ; fal . - _ | TE aaa ee Paine 
— ~~ eee cd. ge Bie 

ie = _ ma P | i . \ ee i oe a 8 BS 

i i ‘is. __, t ~ <€ v j j & : an Sy fie eH a ee 
tae a? en i ew. CN aa 

4 ; ae: _— -§ ; " = a Si a Sr _ 4 Say ex -_ ‘': a . ft 
—} a ‘tT, t~74%_ eS a. ae: 
a i aay on, ta - te 
z fe .! ’ hs \ F : 1 4 q — f lags br 

: ~~ eo “il <- oe 

your MM = 1, \@ (aa) _ —— RS 
bi F ~~ xs “Sy _. @ a Ff |. 

e a ‘ ~ }-# -= ~— ml : fy oe 
om | ® od on wf oF Bg 
ss ¢ 7 \g oa 2 2 Z ee bY E BY 
hat —_— if . im Bs ke 
— | , 2 ee. as , 3 : oS ee a. 
ae = — i ——- “~ a bef) ae 
y Bal: 

: i) ell j eS Gs amine 1 te Bo {eee e nme era te i Ape SIRES de ie a a! 


7? 


NORDEN Modumatic Control 


for New and Existing Machines 


Series 100 features 


Actual Position Readout 
Decimal Display 


>, Full Range Origin Select 


i. 


= 


| it.” 


’ 


NTT 


== 
F er 


| 


F you have the time-consuming problem of rotary or linear positioning, 

then you are aware of the importance of knowing the exact location of 
the tool or the work piece. Up until now this was a tedious, time-consuming 
process requiring calculation and dial reading, both subject to human error. 
Norden’s Series 100 display system eliminates all this and performs the 
calculations automatically. What's more, it can be installed on new and 
existing machines. 

The Series 100 numerical control system utilizes a unique position feed- 
back transducer, electronic circuitry and a visual display to indicate the 
actual position of the tool or work piece. 

The actual position is displayed in straight decimal form by illuminated 
numbers that are readable from twenty feet. The display unit may be located 
on the machine or remote. 

This Norden Modumatic system also offers a full range electronic origin 
select so that any desired offset can be quickly and easily dialed in by the 
operator on manual selector switches. 

For more information about this position display system or other Modu- 
matic control systems contact your nearest Norden Representative— 
400 Main Street, East Hartford, Connecticut, JAckson 8-4811, 11 West 
Monument Ave., Dayton 2, Ohio, BAldwin 8-4481, or write to us at the 
address below. 


A new concept in Numerical Control 


from NORDEN DIVISION OF UNITED AIRCRAFT CORPORATION 
DATA SYSTEMS DEPARTMENT 
COSTA MESA, CALIFORNIA 
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What We Need To Win 
Aerospace Race With Russia 


Seventh forecast of Aerospace Industries Association 


incr fr aM issiles |s PECIA| 


projects technological requirements for next decade; 


Five Technical Committees of 
the Aerospace Industries Associa- 
tion (AIA) have published a co- 
operative report on future trends 
and needs in aerospace technology. 
The report reflects the combined 
opinion of over 200 research and 
engineering experts. It is published 


OPERATING 


So 
”~X 200 6000 PS! 
Wor 8000 RPM 
Cw 
$= 3000 PS 

oOo 00 
Qa 100 


temperature still climbing. 
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HIGH-PRESSURE PNEUMATIC SYSTEMS 


HORSEPOWER for pneumatic system compressors 
may climb to 300 by end of decade. System operating 


Report based on consensus of key experts in industry 


as an advisory to U. S. Govern- 
mental and defense agencies, and 


to industries serving the aerospace . 


manufacturer. 


The following is a summary of 
the Aerospace Forecast of Techni- 


Vv 


8000 PSI 
12,000 RPM 


AVERAGE HOT SIDE SKIN TEMP, °F 


400 


TEMPERATURE TRENDS FOR MANNED RE-ENTRY VEHICLES 


cal Requirements compiled by the 
AIA. 

Trends In Electronic Equipment 
—Use of micro-miniature parts and 
molecular electronics will increase 
in equipment where (1) weight and 
size are of primary importance, (2) 
requirements for precision toler- 


OPERATING TEMPERATURES will increase greatly 
as vehicles evolve from boost glide to orbital re-entry to 
lunar re-entry systems. 
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WHAT WE NEED . 


. continued 


The 1000 to 10,000 mc range appears best 
for piercing ionosphere and minimizing atmospheric attenuation 


ances have been somewhat lessened, 
and (3) heat-generating parts can 
operate at low-power level. 

Greatest need for intensified re- 
search in this area centers on new 
materials, both natural and syn- 
thetic, studies on purity, crystalline 
structure, and basic properties. 

Current airborne electronics has 
a maximum parts density of about 
30,000 parts per ft*. Welded mod- 
ule construction will increase the 
maximum density by about 60 per 
cent and will represent the best ef- 
forts with conventional components. 
True microminiaturization begins 
with vacuum deposited resistors, 
conductors, and capacitors with 
microsized transistors as the active 
elements. Serious production of this 
¥ million-part-per-ft* will begin in 
1961. Semi-conductor (molecular 
electronics) circuitry with another 
magnitude of parts density will fol- 
low closely. Micro-miniaturization 
will grow from the modest propor- 
tions of 1960 to large scale indus- 
try operations within the next ten 
years. 

A significant departure from 
“Component Orientation” to “Func- 
tion Orientation” will occur when 
molecular electronics enters the 
commercial picture. 


ELECTRICAL SYSTEMS TRENDS 


as \ POWER REQUIREMENTS- 


BOMBER 


TEMPERATURE OF 
ENVIRONMENT 


POWER REQUIREMENTS - 
FIGHTER - INTERCEPTOR 


ALTERNATOR SPEED will vary from present 8000 
rpm to 12,000 continuous duty and 24,000 intermittent 
duty by 1965. System frequency will remain at 400 cps 
for most manned vehicles of this period. Missiles and 
unmanned space vehicles will show increasing applica- 


tions of 3200 cps after 1963. 
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During the 60’s, a much higher 
activity in the 1000 to 10,000 mc 
range is anticipated. This range ap- 
pears best for piercing the ionos- 
phere and for minimizing atmos- 
pheric attenuation. The trend to 
the higher frequencies is accelerated 
by the need for higher data rates 
in telemetry and data link. The in- 
creased bandwidths afforded in the 
1 to 10 kilo-megacycle range greatly 
increase the rate at which data can 
be transmitted over a given chan- 
nel. Requirements for new and bet- 
ter transmitters, receivers, data 
handling devices and antennas for 
operation at microwave frequencies 
will steadily increase during the 
next decade. The crowded radio 
frequency spectrum and the rising 
importance of secure and private 
wireless communication will bring 
about increased attention to (1) 
transmission at very low frequencies 
(below 30 KC), (2) use of the earth 
as a communication system, (3) 
modulation of waves in the visual 
and infrared ranges, and (4) use of 
scatter of “bounce” techniques from 
natural or artificial reflectors (e.g., 
satellite “mirrors’’). 


Plastics—Future plastic design 
especially related to space and up- 


systems. 
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per atmosphere vehicles may re- 
quire consideration of environments 
other than temperature as having 
primary significance. These environ- 
ments are: electromagnetic and par- 
ticle radiation, induced mechanical 
and acoustical vibrations, thermal 
and mechanical shock, cyclic tem- 
perature differentials, vacuum, and 
ozone degradation. 

Low Temperature Metals—lIn- 
creasing use of liquid oxygen-liquid 
hydrogen propellants in space ve- 
hicles indicates that high-strength 
structural alloys possessing useful 
engineering properties to —423°F 
will be required during the period 
1960-70. These alloys must have 
high strength/density ratios accom- 
panied by good toughness (i.e., re- 
sistance to brittle failure) at cryo- 
genic temperatures as measured by 
notched/unnotched tensile ratios, 
or tear tests. In addition, these al- 
loys must be weldable, and the weld 
joint must also exhibit good tough- 
ness at low temperature. The ex- 
treme sub-zero temperature require- 
ments mean that only _ those 
materials which do not exhibit duc- 
tile-brittle transition behavior can be 
considered for this type of applica- 
tion. Examples would include the 
cold-rolled austenitic stainless steels 


REMOVAL OF HEAT resulting from higher speed 
atmospheric flight and from higher-energy, steeper re- 
entries will call for greater reliance on refrigeration 


ESTIMATES OF HEAT INPUTS 


MANNED RE-ENTRY BODY 
(SCALE AT LEFT) 


SUSTAINED svete 


AIRCRAFT 
(SCALE AT RIGHT) 


HEAT INPUT - BTU/SEC FT2 
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(e.g., AISI] type 301 and 310), cer- 
tain aluminum alloys such as 
2014-T6, 5052-H39, and 5456- 
H38, and the alpha titanium alloys 
such as AIlOAT, with specific selec- 
tion depending on design factors 
such as tensile stress or elastic sta- 
bility (e.g. buckling) limitations. 
Development activity in the next 
ten years should be focused on the 
alpha titanium alloys, which have 
outstanding strength/density char- 
acteristics at cryogenic tempera- 
tures. In addition to AILOAT (SAI- 
2.5Sn) now in production, newer 
alloys such as SAI-5Zr-5Sn, 8Al- 
1Mo-1V, and 8Al-2 Cb-1Ta should 
be thoroughly evaluated in both the 
base metal and welded joint con- 


figuration. Development activity in 
aluminum base alloys should be di- 
rected toward high purity alloys 
such as 7275, which can be pro- 
duced by techniques such as con- 
trolled atmosphere melting, and 
ultrasonic treatment during ingot 
solidification. Development activity 
in the austenitic stainless steels 
should be directed toward studying 
effects of vacuum melting, and 
stress relief heat treatments. 

Other development activity in 
this area should be directed toward 
determining the useful temperature 
limits of certain promising alloys. 
For example, the 6Al-4V titanium 
alloy has been used successfully at 
—320°F, but appears to be seriously 


embrittled at —423°F especially in 
welded joint. The heat treatable 
stainless steels such as AM350, 
AM355, A286 have shown promise 
at —320°F, but display decreasing 
toughness at —423°F, although heat 
treatments intended to condition 
these alloys for service at -423°F 
show promise. Other alloys may 
also be found to possess useful 
properties for specific applications 
at moderately low temperature as 
a result of special heat treatment 
or other special processing. 
Coatings And Finishes—Higher 
temperature coating requirements 
are presently met by ceramic ma- 
terials, such as oxides, carbides and 
silicides, applied by plasmajet and 


UTILIZATION OF NEW ENERGY SOURCES 


NUCLEAR REACTORS 
(USING ROTATING MACHINERY) 


THERMOELECTRIC 


CONVEYORS PLASMA 


THERMOCOUPLES 
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POWER CAPACITY ESTIMATES of new energy 
sources are given above; required output must await 
definition of specific application characteristics. 


RELATIVE DEVELOPMENT ACTIVITY is illus- 
trated as expected to occur in broad categories of the 
radio frequency spectrum, as related to communications 
equipment. Anticipated increase in expenditures in 
communications may shift the emphasis in some cate- 
gories. 


COMMUNICATIONS-OPERATING FREQUENCIES 
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1960 1965 1970 
YEARS 
ELF (EXTREMELY LOW) --1.0-3,000 C/S 
VLF (VERY LOW) -- 3-30 KC/S 
LF (LOW) --30-300 KC/S 
MF (MEDIUM) --300-3,000 KC/S 


PERCENT OF TOTAL 


RELATIVE DEVELOPMENT ACTIVITY 


HF (HIGH)--3-30 MC/S 
VHF (VERY HIGH)-- 30-300 MC/S 
UHF (ULTRA HIGH)-- 300-3,000 MC/S 
SHF (SUPER HIGH)-- 3-30 KMC/S 
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HUMAN MONITORING of vehicle performance data 
will be limited to simple audio and/or visual indica- 
tions of compliance or non-compliance, with a choice 
for alternative courses of control action. The trend 
towards integrated-type indicator displays will con- 
tinue. 


Vv 


COCKPIT DISPLAY SYSTEMS 


VERTICAL DISPLAY 
ELECTROLUMINESCENT LIGHTING 
TRI-COLOR E-L LAMPS 
SOME SOLID STATE 
DIGITAL DISPLAYS 


BEGINNING OF 
CENTRALIZED 
DIGITAL 
COMPUTER 


CONVENTIONAL 
. DIAL ~ POINTER 
COMBINATIONS 
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SURVEILLANCE AND TRACKING SENSITIVITY 


INFRARED 
aes 


TV AND 
PHOTOGRAPHIC 


RELATIVE SENSITIVITY 


GROWTH TREND of surveillance and tracking 
technique is presented, based on the anticipated re- 
duction to practice of current advanced concepts. 
Systems are required to detect and plot submarine 
traffic over entire ocean basins. A technological break- 
through in high altitude submarine detection is urgently 
needed. 
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WHAT WE NEED . . « continued 


Fluorocarbon rubbers still offer best immediate answer 
to high temperature, high physical property, and fuel resistance 


flame spraying. Typical applications _ sistance, altered emissivity proper- _ Fluorosilicone, Acrylic, and buta- 

include rocket nozzle linings and __ ties, diffusion barriers, etc. Metallic | diene/Acrylonitrile/Polyvinyl chlo- 7 

rotating shafts. The trend is toward _— coatings, with their inherent duc- ride terpolymers are making in- 

protection against very high tem- tility, are generally more durable roads. 

peratures for relatively short pe- than ceramic coatings. The trend Butadiene/Acrylonitrile —_ poly- 

riods of time, ¢€.g. one operating is toward increased usage of metal- _mers still remain the single most , 

cycle. Tailored coatings for spe- lic coatings for specialized applica- § important elastomer for fluid seals 

cialized applications will become of _ tions, and precious metal coatings and hose liners. However, inade- 

increasing importance, with self- and multilayer coatings to achieve | quate ozone, low and high tempera- 

healing characteristics required in a combination of properties in one ture resistance of the polymer will 

some cases. Rapid heating require- coating. Coatings will be developed _ reduce its importance as more stable 

ments will result in emphasis on for use at liquid-gas low tempera- _ polymers appear. The fluorocarbon 

more ductile coatings and on match- _ tures as well as for use at higher rubbers are now and will continue 

ing of coefficients of expansion. Spe- —_ temperatures. to replace B/A polymers. 

cial high - temperature materials, Elastomer Consumption—New Use of Polysulfide rubber is de- 

such as organics for protection of — experimental highly saturated olefins _clining. As a solid propellant bin- 

ablation, will be improved. possess good heat resistance and  der/fuel, it is being challenged by 
Intermediate temperature coat- could replace natural rubber when __ polyurethane, polybutadiene, car- 


ing requirements are currently met more data on radiation effects have —_ boxynitrile and other polymers. Use 
by thin metallic coatings applied been determined. as a tank and cabin pressure seal- 


by electro-and electroless-plating, Neoprene consumption has al- ant remains high because no other 
dipping, spraying, vacuum deposi- _ ready been reduced by other elas- _— material has been able to match its 
tion and arc deposition. These coat- —_ tomers in application requiring bet- proven qualities and offer in addi- 
ings are used to provide oxidation _ter ozone resistance, low tempera- tion the higher temperature resis- 
and corrosion protection, wear re- —ture flexibility or fuel resistance. tance needed. 


HYDRAULIC-SYSTEM TRENDS 


FUTURE REQUIREMENTS for structural plastic materials are drawn, 
based on present capabilities. Inorganic polymers (foam and reinforced) 
promise superior heat-resistant qualities and offer a desirable area for R&D. 


MISSILES & 


MANNED 
SPACE VEHICLES AIRCRAFT 


Vv PLASTIC MATERIALS FOR 1000-HR SERVICE 


SYSTEM OPERATING 
PRESSURE PSI 


I9€5-70 
1960-65 
PRESENT 


TEMPERATURE °F 


1000 
70 1962 
YEARS 


TEMPERATURE °F 


te 


METAL TO METAL 


FLOW RATES shown are maxi- 
mum anticipated short-time de- 
mands. Aircraft environmental and 
system temperatures correspond to 
highest performance vehicles only, 
and exceed those anticipated for 
transport-type aircraft. 


PHENYL-SILANES 
INORGANIC POLYMERS 
PLASTIC TO PLASTHEC 
OR TO METAL 


PHENOLICS 
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INORGANIC POLYMER 
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Silicone use will continue to in- 
crease, particularly the fluorosili- 
cones. A high strength version of 
presently available fluorosilicone 
compounds would be welcome and 
would replace Butadiene/Acrylo- 
nitrile rubber in high temperature 
seal and hose problem areas. 


The progress of solid poly- 
urethanes has not been rapid. High 
temperature limitations coupled 
with non-conventional manufactur- 
ing techniques has retarded their 
growth. However, the unlimited va- 
riety of polymers that can be made 
and improved processing techniques 
will bring about increased usage. 


LOWER DENSITY MATERIALS having a useful life 
at higher temperatures are needed for structural ap- 


plications. 
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THERMAL CAPABILITIES OF METALS 


PRESENT 
CAPABILITY 


2000 


cs 1960-65 


uw 
° 

Ww 
x 
> 
: 
a 
x 
Ww 
a 
= 
Ww 
e 


ELASTOMER APPLICATIONS 


BALLISTIC 
MISSILE APPLICATIONS 


KV MANNED SPACE CRAFT of 
3 


SUPERSONIC JET 
AIRCRAFT 


DEGREES °F (xX 100) 


HIGHER TEMPERATURE and shorter exposure 
trends continue in elastomer applications. 
temperature environments elastomers may have physical 
attributes of rigid thermoplastics at ambient. Cross- 
linked polyethylene is an example of such a material. 
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Use as a binder/fuel in solid pro- 
pellants may increase as physical 
and ballistic characteristics are im- 
proved. 

Butyl rubber consumption in- 
creases, as a result of its effective- 
ness as an inert polymer for fabri- 
cating seals and hoses for use with 
phosphate ester hydraulic fluids, 
hydrazine, unsymmetrical dimethyl 
hydrazine, and other extremely re- 
active liquid propellant fluids. Other 
new olefins still in the development 
stage could reduce its importance. 

Fluorocarbon rubbers are still 
the best immediate answer for high 
temperature, high physical property, 
and fuel resistance. Fluorosilicones 


TEMPERATURE °F 


LONG TIME SERVICE 
| | TRANSITION TEMPERATURE 


RECRYSTALLIZATION 
SHORT TIME SERVICE 


Alloys 
ALLOYS 


PROJECTED IMPROVEMENTS OF REFRACTORY 


COLUMBIUM 


are the most valuable materials 
where both extremely low tempera- 
ture and high temperature condi- 
tions and fuel and hydraulic fluid 
resistance is necessary. Nitrile or 
Cyano silicones have been disap- 
pointing. However, this elastomer 
type formulated into compounds 
with physical properties and fluid 
resistance equal to the present 
Nitrile seal and hose compounds 
would be welcome. 

The most promising experi- 
mental new elastomers are the 
olefins, completely saturated or with 
low unsaturation. These lack fuel 
resistance but have heat stability up 
to 400°F. They could be a low cost 


METAiS 


My] TRANSITION TEMPERATURE 


RECRYSTALLIZATION 
SHORT TIME SERVICE 
LONG TIME SERVICE 
RECRYSTALLIZATION 
SHORT TIME SERVICE 
LONG TIME SERVICE 
| |] TRANSITION TEMPERATURE 
RECRYSTALLIZATION 
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ee 
TANTALUM 
ALLOYS 


| 


MOLYBDENUM 
ALLOYS 


TUNGSTEN 
ALLOYS 


PROPERTY IMPROVEMENTS considered feasible 
are indicated for the alloys of the four most-available 
refractory metals. Oxidation preventive coatings should 
be developed to take advantage of the full useful 
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For high 


TEMPERATURE °F 


ADDITIONAL HIGH TEMP CAPABILITY DUE TO INERT ATMOS- 
PHERES OR CONTINUOUS APP- 
LICATION OF 
GREASE 


GREASES FOR HEAVILY 
1 LOADED APPLICATIONS 


PRESENT CAPABILITIES 


strength ranges of refractory alloys. 


TEMPERATURE RANGES given at a specific date 
refer to the general capabilities of grease lubrication 
and not to a single grease. 


RANGE OF GREASE LUBRICATION 


GREASES FOR LIGHTLY 
LOADED OR SHORT 
TERM APPLICATIONS 


1960 - 1965 


1965-1970 
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WHAT WE NEED ... . continued 


Space-vehicle-environment simulation will account for 
bulk of facility-development activity in 1960 to 1970 period 


replacement for silicones in nonfluid 
applications. They are chemically 
inert, but can be cross linked by 
radiation or other known techniques. 


Hydraulic Systems — The fluid 
operative range required of hydrau- 
lic fluids is expected to increase 
from —65 to 450°F in 1960 to —50 
to 850°F by 1970. Since it appears 
probable that no one fluid which 
is serviceable over the entire range 
will be available, no single system 
is likely to operate over the entire 
range. Other requirements for fluids 
are: (1) Compatibility with service- 
able non-metallic and metallic ma- 
terials at operating temperatures; 
(2) Sufficient lubricity at operating 
temperatures; (3) Fire resistance or 
a minimum fire hazard at operating 
temperatures. 


Most presently used materials 
appear to have sufficient radiation 
resistance until nuclear powerplants 
come into use. Present systems 
cleanliness requirements vary 
widely. Cleanliness of some systems 
is checked by visual examination of 
coarse filter paper after sample fil- 
tration. At the other extreme, sys- 
tems containing low power, critical 


tolerance values must be free of 
particles in the 2 to 5 micron range 
to achieve sufficient reliability. As 
system temperatures increase, the 
challenge will be to maintain pres- 
ent levels of system cleanliness. 


Experimental Facilities—Space- 
vehicle-environment simulation will 
account for the bulk of facility de- 
velopment activity in the 1960-1970 
period. Space regime variables are 
unique with relatively unknown ef- 


METAL REMOVAL RATES VS COSTS 


PROPORTIONATE MATERIAL USED 


ALL METALS USEO 


REMOVAL 


ETAL 


AIRFRAME COST FACTOR- 
M 


(J ALUMINUM 
RSS STEEL 
MMB STAINLESS STEEL 


FCISUPER ALLOYS 
1970 


PROPORTIONATE COST FOR METAL REMOVAL 


RISING METAL-REMOVAL COSTS are accompanying the shift from 
aluminum to high-strength thermal-resistant materials. Top “pie chart” 
series shows the increased use of common airframe materials; bottom series 
shows resulting changes in cost of metal removal. 


LUBRICATION WITH LIQUIDS, GASES AND MISTS 


PRESENT 
CAPABILITIES 


TEMPERATURE °F 


1960-1965 


REACTIVE GASES such as Freon may be used which 
decompose and continuously form a lubricating film 
on the bearing metal or bearings may use a gas film 
under pressure to support the load. Mists of organic 
liquids are used to protect bearings from oxidative 
attack at high temperatures and to supply lubricating 
agents to metal surfaces. Operations at low tempera- 
tures can be provided by gas supported bearings or by 
the operation of rolling element bearings in liquefied 


gases. 
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LUBRICATION WITH LIQUIDS 
IN CONVENTIONAL SYSTEMS 
OPERATION IN LIQUIFIED GASES 


ADDITIONAL HIGH TEMP. CAPABILITY 
GAINED BY OPERATION IN INERT 
ATMOSPHERES OR BY ONE PASS 


LUBRICATION ~~~, 


OPERATION WITH 
GASES, OR MISTS 


1965-1970 


TEMPERATURE °F 


o——— 1960 - 1965 


BONDED SOLID FILMS, lubricating coatings formed 
by reactions with the base metal and lubrication with 
powdered solids such as graphite and lead oxide are 
considered in this chart. 


RANGE OF SOLID LUBRICATION 


PRESENT 


eee 
SOLID LUBRICATION 
IN AIR 


ADDITIONAL HIGH TEMPERATURE CAPABILITY 
DUE TO SHORT TERM APPLICATIONS OR AN 
INERT ATMOSPHERE 


1965-1970 
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fects, and vehicle launch, boost, re- 
entry and recovery phases induce 
higher energy levels of vibration, 
acceleration, shock and aerody- 
namic heating when traversing 
through atmospheric regimes. 
System operating media for new 


systems or components during test. 

®@ Cryogenic facilities to supply 
liquefied gases or high-energy 
fuels at extreme low tempera- 
ture (-320° to -450°F). 

® High pressure pneumatic facili- 
ties (3000-10,000 psi) for air, 


@ High velocity, high temperature 
gas flow facilities at relatively 
low pressure. 

@ High capacity specialized A. C. 
and D.C. power sources. 


vehicle types require development 
of specialized generating, storage, 
distribution and control equipment 
to provide media for operation of 


nitrogen, 
gases. 


PLASTIC MATERIALS FOR 0.I-HR SERVICE 


1965-70 
1960-65 
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TEMPERATURE °F 
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PHENYL-SILANES 
SILICONES 
INORGANIC POLYMERS 
PLASTIC TO PLAST 

OR TO METAL 

METAL TOUMETAL 


POLYESTERS 
EPOXIES 4 


PHENOLICS] | 


REINFORCED LAMINATES STRUCTURAL 


ADHESIVES 


SHORT-TIME EXPOSURE requirements for plastics are primarily related 
to rocket missile and re-entry vehicles. Ablation applications are mainly a 
matter of specialized selection of design and materials and are not con- 


sidered here. 


COMPOSITE SYSTEMS are now utilizing ablation, 
plasma-sprayed, and metal-reinforced ceramic coatings. 
Developments are needed to take advantage of high- 
melting-point materials as either protective systems or 
materials of construction. 
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TEMPERATURE LIMITATIONS OF CERAMIC MATERIALS 


ABLATION CERAMIC 
COMPOSITES 


SUBLIMATING 
CERAMIC COMPOSITES 


SOLID, INSULATING, REINFORCED, 


PLASMA SPRAYED CERAMICS 


TEMPERATURE °F 
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helium and _ other 


@ High temperature hydraulic fa- 
cilities (275°-1000°F). 


Environment Simulation—Com- 
bination of environmental variables 
in the past decade has been largely 
limited to the category of inter- 
dependent variables (e.g., tempera- 
ture - humidity, temperature - alti- 
tude), and to an increasing extent, 
combination of vibration with sev- 
eral of the natural variables: tem- 
perature, altitude, humidity. Mis- 
siles and space vehicles encounter 
increased levels of induced en- 
vironment from propulsion media 
and transitional regimes, and the 
ultimate regime of space presents 
new variables of natural environ- 
ment which are highly interdepen- 


w dent. Thus, the trend toward simu- 
z lation of combined environment will 
& be primarily in conjunction with 
si als space vehicle developments. 
wists 5 
sisie 
A REPRINT 


of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa. 


SIMULATION FACILITIES FOR MAN-VEHICLE EVALUATION 


DATES INDICATED ARE THOSE WHEN SPECIFIC 
TRAINING SIMULATORS ARE REQUIRED AND 
GENERALLY WILL PRECEDE FLIGHT 

DATES BY 4 TO 5 YEARS 


BALLISTIC 
RE-ENTRY 
LIFTING 
RE-ENTRY 
RENDEZVOUS 
SPACE TUG & 
RESUPPLY VEHICLE 
LUNAR ORBIT 
& LANDING 
LUNAR BASE 
MARS ORBIT 
MARS LANDING 


ESTIMATED YEARLY EXPENDITURE FOR 
ORBITAL 


MANNED AERO-SPACE SIMULATION 
DEVICES (MILLIONS OF DOLLARS) 


ANNUAL EXPENDITURE of about $40 million for 
current aerospace simulation devices may double over 
the next ten years. Increasing complexity of manned 
aerospace vehicles stresses the need for high-fidelity 
simulators to study man’s ability to control and 
navigate these vehicles under the combined stresses of 
hyper-environments. 


41 


: Ae 
Alig 


ja, oe » ao Pra bo a i, | + ae >: aE 4 = oe Ne) rs) + aes foes Toes Se pe r rs ar ¥ es et reel aie te ei, one: cheat 
ie ee we er eet Da 38s Se ale 
sa ar Lm a CR ak. Saga 4 aR <c r eee tf ee Eo See PEW ee f, a - a 

wict eS ean Set a a ee Be ee See ce Be rote a i} 2th 2 a ae ee 

creat ge es i i | | Tg Rare eat ae a ssi” SMM eRe alle, pes. a - 1 
me ted. ate fies wt, : ) eiaiiarliag Ta ea a eS ae Nh Uae aaa Sew, eee yen ch wee Ee ca ee oY Baie: ae 

eu aia 

é > oe 
A ae 

Sf, 

ee 

qe 

os Seles 

aie 

‘ bs ad 

Berit oo 

Fi - ee: 

pl cae 

ie Bas arn 
Le | egrets aes Mis 
ae 

Sante a0 

: ee a 

Bi | Be m $i 

a a” a) 3 

: || Tae 

; ae 
C > ae 
ee oo 

° Es ae 

: ee 
a ate *:5, ae 

| De ae 

. Bite SN 

a 3000 mae Tee 

; a veto 

By 

S 
: 2500 Brae 

Bs Siar 

aear e 

Bi Stary 

fs! a esti’ oF 

2000 % Bae 

: weap aan ae 

are 

Fee ss 

ahs 

1500 ‘eas, 

ee 

| fe Ea. 

: ES ae tae | 

| 1000 : ase 

" ye 

| BiG. 

| 500 ae 
4 es 

i 0 ar Se PT SE RSS TS ee, 

ee ete 

eS ae 

a ae. 

ats ie ie x a 

Be ay! 

| ok 

F Aas 

bak ae 

nee 

a cineaieiaisiasiiiitiacagiciliapaadiataiaiiciliiiasailuacaiepeaiiinadiciine ee. 
aw Bo *. 

Ay aes 

ae 

; a Wee. 

4 eos 

N ‘Saas 

een 

‘ee B28) 

—— wae 

ae! . ; 

8 pa 

ye aisha 2 

4 = wh, 

= he 
al 3 Bs: 

F 30,000 1965 1970 —_— 

", YEARS a GU 

i 20,000 Pre 

Roa “ Be oe 

10,000 ae 

oe 

8000 age 

eS ee 
ie: enor . 

isd eae 

; 4000 Cs etn 

o} hoe 

\ 1960 1965 1970 eRe 

| YEARS ees 

i 

| r ae 

. ene 

oN 

| eMeeron ide 8 ig i. Cf ay oa ; - Meher ae e SEAT ee | , ee 

he ee ee eae Pe PE i So Pe Rel EMSIRS Ah > et ae eM 


What HORACE DREVER has 
to say about Lindberg heat 


treating equipment 


QUOTE ‘rom Mr. Drever's 


unsolicited letter to 


Lindberg Engineering 
Company 


Mr. Horace Drever, internationally prominent in the industrial heating field, 


27 is a Past-President of the Furnace Manufacturers Association and President 


of Drever Company, furnace manufacturers and commercial heat treaters. 


“For the past three and one-half years, we have been operating one of your Type 
243618 GVRT Furnaces along with a 500 CFH Lindberg Hyen generator in our 


commercial heat treating division. We are extremely pleased, not only with the fine 


quality of work turned out by this equipment but also its relatively trouble-free operation. As 


evidence of our complete satisfaction we have ordered another Lindberg Furnace of this type?’ 


Lindberg Furnaces in operation 
at the Drever Company, Bethayres, 
Pennsylvania. 


Weare happy that Mr. Drever, a furnace manufacturer 
in his own right, originally chose Lindberg equipment 
for his heat treating plant and that its satisfactory 
service prompted an additional order. The second 
Lindberg Furnace is now in production at Drever 
Company, as the adjacent photo shows. Bless those 
satisfied customers! If you have a product or process 
in the metal or ceramic field requiring the application 
of heat you can depend on Lindberg's engineering 
and design know-how to provide exactly the right 
equipment to answer your need. Get in touch with your 
nearest Lindberg Field Representative (see classified 
phone book) or write direct to Lindberg Engineering 
Company, 2473 West Hubbard Street, Chicago 12, 
Illinois. Los Angeles plant: 11937 South Regentview 
Avecie, Downey, California. In Canada: Birlefco- 
Lindberg, L.td., Toronto. 


LINDBERG 


heat for industry 
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YEARS IN SPACE 


NASA's Goals For Next Decade 


Projected expenditure rate over $1.5 billion per year; 
Standardization guides design of boosters and spacecraft; 
Man's immediate role confined to near-Earth orbital flights 


The National Aeronautics and 
Space Act of 1958 defines the long- 
range objectives for NASA as: “the 
preservation of the role of the United 
States as a leader in aeronautical 
and space science and technology 
and in the application thereof to 
the conduct of peaceful activities 
within and outside the atmosphere.” 

Behind this terse “Declaration of 
Policy and Purpose” are now un- 
folding assuredly the most ambitious 
plans conceived by man—ahead of 
it lies an expanse to challenge the 
imagination of generations to come. 

A year ago this month, NASA 
presented to the Congress its first 
Ten-Year Plan to fulfill its missions. 
In the light of gained experience, 
annual revisions are now intended 
to reappraise our space mission on 
a continual basis. 

NASA’s extensive program calls 
for the initially-unmanned explora- 
tion of the moon and planets. The 
broad scientific objectives, involving 
nearly all of the scientific disciplines, 
is to gather data on the following: 

@ Physics of the moon and 
planets 

@ Solar and _ interplanetary 
physics 

@ Biosciences and extraterres- 
trial life 

@ Cosmology —the effort to 


——Circle 15 on Inquiry Card 


By S. Peter Kaprielyan 


— 


ALL-SOLID SCOUT is four-stage, economy vehicle launched from NASA’s 


Wallops Island, Va., facility. Chance Vought’s Astronautics Div. is project 
manager. 
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NASA's GOALS. . 


. continued 


Multi-purpose Scout vehicle 
can place up to 150 Ib into 300-mi orbit 


__ (IN TERMS OF THE WEIGHT 
OF A NEAR EARTH SATELLITE 


ANTICIPATED GROWTH OF NASA SPACECRAFT SIZE 


RANGER SPACECRAFT series 
includes seven experiments ap- 
proved for flight. Spacecraft is be- 
ing developed at Jet Propulsion 
Lab., capsule at Aeronutronic Div., 
Ford Motor Co. 
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A ® 


Scout 


Comparitive Sizes 
Of Launch Vehicles 


| 
2 3 


a a & 


Thor Atlas Centaur 
Agena B Agena B 


piece together the biggest of all 
puzzles, for a better understanding 
of the nature and origin of the solar 
system, and ultimately of the uni- 
verse itself. 

In the course of carrying out 
this program, the following tech- 
nologies will be developed: 

@ Navigation, guidance 
control 

@ Long-range communication 

@ Entry into planetary atmos- 
pheres 

@ Remote landings on moon 
and planets 

@ Surface transportation tech- 
niques in strange environments 

®@ Utilization of natural 
sources yet to be found 

Approximate number of launch- 
ings anticipated for next decade in- 
clude: 62 for the development of 
launch vehicles, 41 for missions re- 
lating to manned space-flight, 96 
for scientific satellites, 33 for lunar 
and planetary scientific missions, 


and 


fe- 


—_—- 


Saturn 
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and 28 for satellite application such 
as communications. The total num- 
ber of these corresponds to a rate 
over two major missions per month. 
The year 1960 marked the first 
transition of our space effort. By 
necessity, early launch vehicles used 
by NASA were based on the Van- 
guard program and the guided mis- 
sile programs of the DOD. Increas- 
ing use of the versatile Scout now 
marks the advent of vehicles planned 
specifically for space missions. 
NASA’s current basic vehicle 
program contains six types: Scout, 
Thor-Agena B, Atlas, Atlas-Agena 
B, Centaur, and Saturn. Of these, 
the Thor-Agena B’s and the Atlas 
are also due to be phased out. 
Only eight Thor-Agena B’s are 
programmed for NASA missions of 
the near future. Atlas, with its low- 
orbit-altitude capabilities, will re- 


JPL SURVEYOR PROJECT 
SCIENTIFIC EXPERIMENTS PLAN 


7 | 
Experiment | Instrument and Measurements 


1. X-ray fluorescence spectrometer 
| 2. Neutron activation techniques 
Surface Chemical | 3. Mass spectrometer 
Analysis 4. Gas chromatography 
(Detection of organic 
} molecules) 


1. Densitometer (+-ray scattering) 
2. Thermal and electrical conduc- 
Surface Physical tivity measurements 
Analysis | 3. Sound speed measurements 
4. Vidicon with variety of magni- 
| fications 


| 1. X-ray spectrometer and neutron 


| 
} activation instrument in cave- 
Local Sub-Surface | hole 


Properties | 2. Vertical temperature gradient 
(Drilito4or | measurement 
5 feet) 3. Thermal and electrical conduc- 
| tivity measurements 
4. Densitometer 
Structure 1. Three-axis seismometer 
2. Gravimeter 


JPL RANGER PROJECT 
MISSION OBJECTIVE PLAN 


Spacecraft Objective 


A. Engineering tests of 
1. Attitude control system 
| 2. Solar and battery power supplies 
| 3. Communication equipment 
4. Lifetime of components in space 
environment 
RA-1 B. Scientific studies of interplanetary 
| medium 
1. Fields and charged particles 
2. Hydrogen 
3. Dust 
C. High elliptical orbit, near escape 
energy 


| 1. Landing survivable package on moon 
| 


RA-3 2. Midcourse guidance technique 
RA-4 | B. Scientific studies of lunar environment 
RA-5 and surface 


Bus: +-ray spectroscopy and 


| 
| Capsule: Seismology 
photography of small lunar area 


main active for Project Mercury’s 
early missions; more powerful 
boosters will take over later. 
Scout—This is a multi-purpose, 
four-stage solid-propellant, economy 
vehicle with up to 150 Ib for 300 


operations may cost about $1 mil- 
lion. 

Thor - Agena B—A Thor 
(IRBM) first stage and an Agena B 
second stage (enlarged version of 
Air Force’s Discoverer) make up 


mi orbit missions. Other uses for 
Scout include the lifting of a useful 
payload up to 4000 mi, atmospheric 
testing of high-speed airframe de- 
signs, and re-entry studies. It will ings are to be from Pacific Missile 
be launchable from the Atlantic and _—‘ Range, into polar or highly inclined 
Pacific Missile Ranges, as well as __ orbits. 

from Wallops Island, Va. Scout’s Atlas-Agena B—This is the up- 
production versions plus launching _ per stage of Thor-Agena B wed to 


this vehicle. Missions will include 
scientific satellites, meteorological 
satellites, and others requiring 
medium-weight payloads. Launch- 


‘ ee SAan iti A Gs *, 
SS ee 


‘f2nHh sam bo) ~ 
1o000 Med — 


~ 


SPEEDS AND CONFIGURATIONS are given for some representative re- 
entry vehicles. 


JPL RANGER PROJECT SCIENTIFIC EXPERIMENTS PLAN 


Spacecraft Experiment | instruments and Measurements | and Scientist 
| 
Fields, charged particles, | 1. Electrostatic analyzer for solar plasma JPL M. Neugebauer, C. Snyder 
| and solar X-rays 2. Semiconductor detectors and thin-walled | St. U. of lowa/U. of Chicago 
geiger counter J. A. Van Allen J. A. Simpson 
A. CdS photoconductor 
B. Thin-walled geiger 
C. Medium-walled geiger 
| D. Au-Si counter 
| 3. lonization chamber Caltech JPL 
RA-1 } H. V. Neher H. R. Anderson 
RA-2 | 4. Triple-coincidence telescopes U. of Chicago 
J. A. Simpson 
| 5. Rubidium vapor magnetometer Goddard Space Flight Center 
: J. P. Heppner 
6. X-ray scintillation detectors LASL /Sandia Corp. 
} J. A. Northrop 
| Hydrogen geocorona | 1. Lyman alpha telescope a Lab/ JPL 
} . A. Chu 
Interplanetary dust | 1. Micrometeorite composite detectors Goddard Space Flight Center 
| W. M. Alexander 
Capsule: Seismology 1. Seismometer Caltech /Columbia Univ. 
F. Press/M. Ewing 
RA-3 2. Capsule temperature measurement 
RA-4 | 
RA-5 Bus: Photography of | 1. Vidicon television JPL 
| Small lunar area and E. F. Dobies 
+-fay spectroscopy 2. Gamma ray spectrometer Univ. of Calif. LASL JPL 


J. R. Arnold /M. A. Van Dilla 
E. C. Anderson A. Metzger 
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NASA's GOALS . . . continued 


Nova would orbit 290,000-lb space-lab at 300 mi 
or carry 100,000 Ib to the moon 


an Atlas first stage. Joint use of 
this vehicle by Air Force and NASA 
calls for numerous launchings lead- 
ing to high reliability. It is princi- 
pally for early lunar exploration and 
scientific Earth satellite uses, and 
may eventually be replaced by 
Centaur. NASA plans launching 
most Atlas-Agena B vehicles from 
Atlantic Missile Range, and a few 


from the Pacific Missile Range. 
Centaur — An Atlas first-stage 
with a hydrogen-oxygen-propelled 
second-stage give this vehicle the 
greatest capability of Atlas-boosted 
series. Centaur is now in an ad- 
vanced stage of development. 
Though slated for military programs, 
Centaur will also be used in many 
scientific missions such as lunar and 


RELATIVE PLANET DISTANCES AND PERIODS 
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LAUNCHINGS 
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CALENDAR YEARS 


1966 — oa 
1967 — VENUS 
1968 — one 
1969 — VENUS 
1970 — VENUS 


ECHO 
R&D 
QUALIFICATION 


LAUNCHINGS 


GENERATION 
REBOUND 


R&D 
PERIOD CONTROL R & D 
LAUNCHINGS 


ADVANCED TECHNOLOGY 
COMMUNICATIONS R & D 
(GROUND TESTS) 
ACTIVE SATELLITE STUDY 


planetary exploration and geophysi- 
cal satellites. It will be launched 
from Atlantic Missile Range. 

Saturn—This first heavyweight 
of the projected “workhorse” vehi- 
cles will make its presence felt about 
the middle of the next decade. For 
a detailed description of the Saturn, 
refer to page 17. 

Nova—Beyond the Saturn looms 
the colossal concept of the 4.5-mil- 
lion-lb Nova composed of five 
stages. Nova would be capable of 
orbiting a 290,000-Ib space lab at 
300 mi or carry 100,000 Ib to the 
moon. Only portion of Nova cur- 
rently under development is the 
1.5-million-Ib-thrust F-1 engine. 
First two stages of Nova might be 
composed of clusters of F-1 engines. 
Nova concept is described on 
page 62. 

The basic types of launch ve- 
hicles described above will perform 
a wide variety of missions as out- 
lined for the next decade. 

Major Goals in NASA’s Ten- 
Year Plan 

1961—First orbital flight of an 
astronaut — First launching of a 
lunar impact vehicle—Launching of 
a deep-space probe using Thor- 
Delta vehicle—First launching of 
Centaur vehicle—First launching of 
Ranger spacecraft using Atlas- 
Agena B. 

1962—First launching of instru- 
mented-probe Mariner to vicinity of 
Venus and/or Mars, using Centaur 
—Launching of second series of 
lunar-impact probes using Atlas- 
Agena B—First launching of a two- 
stage Saturn. 


COMMUNICATION SATELLITE PROGRAM 


STRUCTURE RIGIDIZATION 


TRACKING & EPHEMERIS 


CALENDAR YEARS 1960 196) 1962 1963 1964 1965 
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1963-64 — First launching, by 
Centaur, of unmanned-vehicle Sur- 
veyor for soft landing of 100 to 
300-lb instrumented payload on 
moon—First launching of an orbit- 
ing astronomical observatory. 

1964—First launching of an un- 
manned vehicle intended to circum- 
navigate the moon and return to 
Earth — First reconnaissance of 
Mars and/or Venus by an unman- 
ned vehicle. 

1965—First flight-test of a nu- 
clear second-stage — Spacecraft 
Prospector to soft-land a mobile 
vehicle on moon, using Saturn— 
Spacecraft Voyager, using Saturn 
vehicle, to orbit Mars and Venus 
and eject instrumented capsule to 
relay environmental data via orbit- 
ing mother craft, or possibly, di- 
rectly to Earth. 

1965-67—First launching in a 
program leading to manned circum- 
lunar flight, and to a near-Earth 
space station. 

Beyond 1970—Manned flight 
and landing on moon, and return 
to Earth. 

Instrumented Satellites — 
NASA’s design concept for both 
geophysical observatory and astro- 
nomical observatory-type vehicles 
centers on a standardized unit. Such 
a standardized unit would use the 
same structure, the same _ basic 
power supply, attitude control, 
telemetry, and command system for 
“stock” systems. 

In packaging a variety of sensi- 
tive scientific instruments and sev- 
eral radio-frequency systems in 
close quarters, the following prob- 
lems arise: mutual interference; 
consistent operation of systems, 
from a power supply subjected to 
fluctuations in both the connected 
load and energy input from solar 
batteries; “desensitization” — prob- 
lem of making components and sub- 
systems so stable that their varia- 
tion in response to changes in pres- 
sure, temperature, vibration, acce!- 
eration, and radiation becomes 
negligibly small. To the extent that 
desensitization goal cannot be 
reached, active and/or passive tech- 
niques must be used to do the job. 

Besides the large systems, 
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NASA's GOALS . 


. continued 


Modular concept for three-man spacecraft Apollo 
considers support of life in orbit up to 60 days 


NASA’s needs for some typical in- 
dividual instruments and subsys- 
tems include: 
@ lon mass spectrometers, vac- 
uum gages 
@ Radiation detectors and ana- 
lyzers 
@ Ultraviolet and X-ray detect- 
ors and analyzers 
@ Directional magnetometers 


@ Plasma probes 

@ Telescope pointing controls 

NASA feels that the data col- 
lection and processing area is also 
a fertile field for development. In 
brief, NASA expresses interest in 
proposals from qualified scientists 
for experiments in sounding rockets, 
satellites, instrumentation develop- 
ment and improvement, etc. 


HYPERSONIC-GLIDE VEHICLE configurations are shown in NASA’s 


Langley Research Center wind-tunnel. 


Soar concept. 


MERCURY C APSUL E is shown with its inner skin of beaded titanium ex- 
posed. McDonnel Aircraft Corp. is prime contractor for capsule. 
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Twin-finned model suggests Dyna- 


Planetary Program—This phase 
covers the unmanned exploration of 
Mars and Venus, as well as of the 
interplanetary environment enroute. 
Centaur would be used first for 
such purposes, then, in second half 
of decade Mercury 
and Jupiter may also become acces- 
sible depending on propulsion devel- 
opment. 

Unmanned Spacecraft—for lu- 
nar, planetary, and interplanetary 
missions with gross weights 600 
to 1200 Ib, the Ranger (A&M Sept. 
60, page 21) is being developed. It 
will be launched by Atlas Agena B. 
An_instrumentation-wise different 
version—the Mariner—may be used 
for early missions to Mars and 
Venus. Other spacecraft under study 
include: Surveyor, for lunar soft- 
landing 100 to 300 Ib payload with 
Centaur; Prospector, launched by 
Saturn, would place mobile lab with 
50 mi travel radius on moon; 
Voyager, launched by Saturn, would 
orbit Mars and Venus and eject an 
instrumented capsule. The wide 
range of environmental instruments 
needed include: radiation detectors 
and discriminators; micrometeoroid 
detectors; pressure, temperature, 
and ionization gages; sound detec- 
tors and analyzers; and mass spec- 
trometers. 

Needed are also observational 
instruments such as: television, for 
microscopic study as well as scan- 
ning of terrain; radar, for surface 
and in-orbit use; spectrometers of 
all types; seismometers, magnetom- 
eters, penetrometers, chemical ana- 
lyzers, gravimeters. and microbio- 
logical equipment. 

Meteorological and Communi- 
cations Satellites—Based on success 


NASA PROJECTED EXPENDITURES 1960-70 
$12 TO $15 BILLION (EST.) 


Announced Projects (F. Y. 1961) $ Million 


Structures and Materials Research ee § 
Liquid Rockets Advance Technology... .. 
Solid Rocket Development... . 
Electrical Propulsion Development............ 
Nuclear Heat-transfer Rockets... pik a 
Nuclear Electric-generating Systems.......... 
Sounding Rocket Payloads..... : 
Sounding Rocket Vehicle Procurement. . 
Satellite Spacecraft Work 

Lunar and Planetary Exploration. se 
Meteorological Satellites . . oe 
Project Mercury... kao 
Advanced Manned Spacecraft. E 

Satellite Tracking Networks. . 

Operation of Tracking Networks < 
Ground Instrumentation Development. . ‘ 
Solar and Chemical APU ——— saSeee 
Communication Satellites.................... 
Life Science Programs. . 
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already achieved by Tiros I and II 
and Echo, others are planned to 
follow. Nimbus, a 600 to 700-Ib 
meterological satellite, under study, 
will be put in orbit by Thor-Agena. 
A stabilization system will keep 
cameras pointed earthward at all 
times. Sensors will include tele- 
vision cameras, passive and scan- 
type radiation-sensing equipment 
and others. : 

Aeros meteorological satellite 
{to be approved) would be put in 
23,300 mi 24-hr orbit with Cen- 
taur. 

Rebound communications-satel- 
lite studies indicate that some 12 
passive satellites (rigid-type) would 
be needed for continuous global 
communications. Atlas-Agena B 
may be used for Rebound possibly 
during 1963 to 65. 

Recentiy NASA has also shown 
interest in the active communica- 
tions satellites. Initial plans will con- 
sider orbiting such satellites 2000 
to 6000 mi from Earth. 

Manned Space Flight—-Last No- 
vember 21, an attempt made to 
launch a Mercury capsule by a Red- 
stone booster failed. More launch- 
ings are scheduled for early this 
year. The results of the Mercury 
program (A&M April 60, page 26) 
will guide design of the Apollo— 
a three-man modular spacecraft 
capable of supporting life in orbit 
from two weeks to two months. 
Modular concept will allow multi- 
plicity of missions as needed; Sa- 
turn vehicle will be used as booster. 
Composed of a command center, a 
propulsion section, and a varying 
mission module, spacecraft will al- 
low “shirtsleeve” operations for its 
crew. 

Research Programs—The suc- 
cess of the spectacular achievements 
in the decade ahead will rest firmly 
on a broad foundation of supporting 
research. Spectrum of research ex- 
tends widely from materials to struc- 
tures, meteoroid impact, re-entry, 
space propulsion systems, power 
generation systems, etc. 

Presently NASA’s Office of Life 
Science Programs has two major ob- 
jectives: the implementation of man- 
ned space-flight and the conduct 
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of biological investigations related 
to “extraterrestrial environments.” 
Ramification of these objectives will 
grow rapidly as man’s radius of ac- 
tion extends into space and exposes 
him to a multitude of environmental 
unknowns yet to be discoveerd. 


A REPRINT 


of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa. 
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H-1 SATURN ENGINE built by Rocketdyne Div., North American Avia- 
tion, is dwarfed by full-scale mockup of F-1 1.5-million-lb thrust engine. 
The F-1 is being developed, also by Rocketdyne, for NASA. 
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On —*- 


INFLATABLE SOLAR REFLECTOR is shown in a prototype developed 
by G. T. Schjeldahl Co. Metalized Mylar parabolic reflector will provide 
satellite power. 
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why you can't get a copy of the 


HANDBOOK 
ISSUE 


until next March 


Last March, the A & M Handbook Issue was an 


THE NEW AND IMPROVED 
1961 EDITION WILL CONTAIN ... 


... More specs on more types of missiles; more types of aircraft and more 
types of engines than ever before and more data on contracts too. 


SOME OF THE REFERENCE FEATURES 
IN THIS ISSUE 


© Directory of missiles and space projects—their service assign- 
ment, mission and current status 
Including: Technical illustrations and physical specifications 


© All available data on future missile projects 


© Dollar value of contracts of all major missile contractors— 
prime and subcontractors 


© Company names and addresses with names of project heads in 
engineering——procurement—production 


aerospace industry sell-out, with orders for copies © Aircraft specification and data charts—U. S. and foreign 


flooding in so fast that we just plain ran out. —@ Aircraft engine specification and data charts 


Aerospace engineers went wild over the Hand- 
book issue because it contains the stuff they want 


© Data on propulsion and fuel systems 


and use frequently. They use it for design specs © Data on guidance systems, including listings of manufacturers, 


and buying data. 


principal types and contract values. 


SPECIAL PRE-PUBLICATION OFFER! Regular price for this Handbook Issue is $2.00 


ORDER YOUR COPIES TODAY 


RESERVE MY COPY 
of the Aircraft & Missiles Handbook Issue for 1961. Reserve: 
[] One copy C) More than one copy 


All copies are payable in advance at a SPECIAL pre-publication price of ® 
$1.50 per copy—if 10 or more copies are ordered at one time, $1.00 per, 
copy. (These rates for United States and Canada only.) Offer expires 8 


February 15th. : 
Name Title = 
Company Dept. Be . 
Street Address ; Ss ie 
City - Zone State = : 
O Please enter my subscription to AIRCRAFT & MISSILES for one year ® 
—$10.00 (United States and Canadian personne! only) and get a copys 
of this Handbook FREE! : 
0) Cash Enclosed () Check Enclosed [) Money Order Enclosed t 


Mail this to: Aircraft & Missiles, 56th & Chestnut Sts., Philadelphia 39, Pa. § 
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(in U. S. and Canada only)—NOW we are offering 
it to you on a pre-publication rate of only $1.50. 
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An Aircraft & Missiles / SPECIAL REPORT 
THE NEXT TEN YEARS IN SPACE 


Thiokol Forecasts Solids For 60's 


Thiokol’s 1961 advanced plan- 
ning documents indicate that the 
next fifteen years will be a period 
of both evolution and drastic change 
in the rocket propulsion. 

During this period, the evolu- 
tionary trend will be best exempli- 
fied by a new propulsion require- 
ment—that requirement will be 
“manned reliability.” In terms of 
rocket reliability, this probably 
means in excess of 99 per cent. 

In the next decade, the cross- 
over point in Government procure- 
ment will be reached, and we will 
spend more money on military and 
civilian space systems than on ter- 
restrial systems. 

Trend To Solids—Dr. H. W. 
Ritchey, vice president at Thiokol, 
and the new president of the Amer- 
ican Rocket Society says, “The 
trend in rocketry for the next dec- 
ade has been established with such 
systems as the Minuteman, Persh- 
ing, Polaris, Subroc, Scout, Bull- 
pup, and the X-15.” The simplicity 
and lower costs of solid propellant 
units, possibly in the $2-$3/lb 
range or lower, indicate an almost 
complete domination of solid-pro- 
pelled weapon systems for military 
use. The ease of off-the-shelf stag- 
ing coupled with high-reliability 
make solids extremely economical 
for launching scientific space probes, 
and earth and weather satellites. 

The emergence of the packaged 
liquid rocket engine — combining 
the simplicity of the solid with the 
high-performance of liquid fuels— 
indicates a continuing market for 
this propulsion system for air- 
launched weapons and for small, 
high-performance ground or sea 
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launched units. The demonstrated 
capability of the liquid propellant 
turbopump system for manned flight 
has been established and man’s 
progress beyond the confines of the 
earth’s atmosphere is ensured.” 

The Thiokol forecast is divided 
into two general areas of applica- 
tion and use: terrestrial and space. 
The decision for this particular sep- 
aration was made because of the 
conviction that the propulsion re- 
quirements for military and scien- 
tific space applications will not 
drastically differ. 

With regard to terrestrial appli- 
cations for military use, Thiokol 
predicts that the trend will be to- 
wards the development of ballistic 
weapon systems, both smaller and 
larger than those currently avail- 
able. In addition to the require- 
ments for reliability and economy, 
transportability and mobility will be 
dominant factors in propulsion se- 
lection. Consequently, solid propel- 
lant rockets will be the dominant 
propulsion mode. Moreover, con- 
current with the development of 
these new ballistic missile systems 
will be programs to develop systems 
for missile and satellite intercept, 
and solid system boosters appear 
most feasible for these purposes. 

Role of Liquids — Although 
Thiokol forecasts that solid systems 
will dominate for booster applica- 
tions, there will still be many areas 
in which liquid fuel rockets will re- 
tain certain advantages over the 
solids. This is particularly true in 
upper stage applications that re- 
quire a start-stop-restart or throt- 
tling capability. As the development 
engineering of solid systems moves 


toward a solution to the problems 
inherent to providing this capability, 
liquid development trends will lead 
toward improvements in the re- 
liability and simplicity of these sys- 
tems through the use of new con- 
cepts and materials for production 
of tanks, chambers, nozzles, and 
feed systems. The success of either 
of these propulsion systems to 
dominate the other in upper stage 
application will be determined by 
how successfully and quickly these 
concurrent development programs 
can be completed. 

Spherical Rocket — A _propul- 
sion concept that Thiokol feels 
should not be overlooked for up- 
per stage application is the spherical 
solid propellant rocket engine. The 
spherical engine offers minimum 
inert parts weight for a given pro- 
pellant weight, and mass fractions 
in excess of 0.95. Since aerody- 
namic considerations will not be 
significant factor in upper stage ve- 
hicles, the high mass ratio of this 
design will offer serious competi- 
tion to other chemical upper stage 
systems. 

Liquid Prepack—The packaged 
liquid rocket, since it combines 
many of the best features of both 
the conventional solid rocket, such 
as simplicity and reliability, with 
the liquid rocket’s capability to 
throttle and be re-ignited, will also 
see many applications in terrestrial 
military systems. Current studies 
indicate that this propulsion con- 
cept can, for some applications, 
compete successfully with the solid 
system even in terms of economy. 

Development Work —JIn_ the 
next decade, according to the 
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Thiokol report, major emphasis in 
solid technology will be placed on 
the development of new materials 
and new propellant combinations 
that will make such boosters more 
economical by reducing the cost of 
inert parts and the costs associated 
with processing. Plastics and high- 
strength monolithic materials will 
be used widely for both case and 
nozzle parts. New _ construction 
methods to take maximum advan- 
tage of improvements in the yield 
strength of these materials will also 
emerge. Propellant processing with 
continuous or semi-continuous mix 
will come into wide use. In addi- 
tion, new methods to achieve thrust 
vector control with reduced weight 
and even a higher degree of sim- 
plicity will come into being. 

Within the propulsion system 
industry there is, at present, a con- 
troversy as to whether segmenting 
or on-site construction and loading 
will provide the most economic 
means for building the huge solid 
boosters. Thiokol believes there is 
a place for both, up to a certain 
size, providing high-joint reliability 
can be demonstrated. Ultimately, 
however, there is a size above which 
on-site loading, even if clustering 
is used, becomes necessary. Con- 
sequently, the Corporation predicts 
that several of the case and nozzle 
fabrication techniques that will 
emerge during the next fifteen years 
will be directed toward on-site fab- 
rication. 

Recoverable Booster—Another 
area of interest within the Thiokol 
forecast is the field of recoverable 
boosters. Although, to date, re- 
coverable booster systems have 
been discussed only in terms of liq- 
uid rocket engines, the Corporation 
sees no reason to believe that these 
same recovery systems could not be 
used with equal ease on solid rock- 
ets. Since the break-even point for 
recovery of a rocket has been re- 
ported by some authorities to be 
between three and seven successful 
recoveries, the basic economy of 
the solid system would indicate that 
with recovery this system would 
gain even more of an advantage 
over its liquid counterpart. 
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Dr. Ritchey is firm in his be- 
lief that liquid propellant rocket 
systems will play the dominant role 
in upper stage applications during 
the next decade at least until non- 
chemical rocket propulsion systems 
become operational. He cites the 
ability to use very high specific im- 
pulse liquid propellants coupled 
with throttleability and on-off capa- 
bility as major factors in support of 
this statement. 

Off The Shelf Units — During 
the late 60’s and early 70’s, a high 
percentage of the propulsion sys- 
tem advances predicted are pre- 
dicated on “manned” and logistic 
space mission requirements. Con- 
sequently, just as the majority of 
sounding rockets in use today re- 
sult from the clustering and staging 
of off-the-shelf units resulting from 
previous propulsion system devel- 
opment programs, many of the 
logistic systems and navigation, 
communication, and weather satel- 
lites of the future could be pro- 
pelled to a space target or into orbit 
by using the off-the-shelf hardware 
developed during the more ad- 
vanced space missions scheduled for 
the 1960s. 

Nuclear Rocket — “The nuclear 
rocket should be a reality by 1970,” 
Dr. Ritchey feels, “and, at that 
time, large space systems will con- 
sist of solid-fuel booster stages, 
liquid or hybrid middle stages, 
topped by one, or conceivably more, 
upper stage nuclear systems. The 
use of nuclear rocket propulsion 
systems is one of the keys that will 
make space travel a reality. Con- 
sequently, the early demonstration 
of an operational nuclear rocket 
should be one of the prime goals of 
our national effort in the 60’s. Most 
of the problems connected with 
perfecting a nuclear rocket have 
been defined, and the recent 
NASA/AEC announcement of in- 
tent to sponsor development of an 
operational nuclear rocket is cer- 
tainly a key step forward.” 

Electric Propulsion — By the 
early 1970’s, Thiokol predicts that 
operational electrical propulsion 
systems of fixed mass and charge 
will become available. These, ulti- 


mately, will be replaced by sys- 
tems with a variable mass and 
charge capability. Development of 
these electrical systems will be 
heavily dependent on _ obtaining 
light weight solid state conversion 
devices so that nuclear energy can 
be converted directly to electrical 
energy. The successful development 
of these systems will open the door 
to space travel outside our solar 
system. 


The advances in solid propel- 
lant chemistry will result largely 
from the ARPA National Propel- 
lant Chemistry Program. This pro- 
gram is directed toward the de- 
velopment of ingredients such as 
fluorine containing oxidizers and 
metal hydride fuels. Using such 
ingredients the Solid Rocket Indus- 
try can formulate practical propel- 
lants that will deliver specific im- 
pulse values exceeding 300 seconds 
at standard conditions. 


Hybrid Rocket—From current 
studies it appears that the highest 
performance rocket oxidizers will 
be liquid and that the best fuels 
may be solid. The marriage of such 
combinations in the hybrid system 
would be most beneficial. Conse- 
quently, the Thiokol forecast indi- 
cates that the development of an 
operational hybrid system is worthy 
of extensive effort. Work is not far 
enough along on hybrids to make 
a prediction on their availability. 
In addition, extensive fundamental 
work should be performed to im- 
prove the density of the working 
fluids for nuclear rockets. While the 
problem of density improvement is 
formidable, future study of molecu- 
lar bonding and strained particles 
may lead to the required results. 


A REPRINT 
of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES 
Chestnut & 56th Sts., Phila. 39, Pa. 
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THE NEXT TEN YEARS IN SPACE 


Aerojet 


Forecasts Liquids For 60's 


High specific impulse and long burning time 
make liquid propellants attractive for booster and "in-space use”; 
Payload cost reductions in orders of magnitude possible this decade 


By Dr. J. C. Moise, Head, Preliminary Design, 


Aerojet General Corp. 


The space age in slightly more 
than three years old. Liquid rockets 
have dominated the propulsion 
scene in both the United States and 
the Soviet Union. This will continue 
to be the case during the next ten 
years for both boost propulsion and 
“in - space” propulsion. However, 
propulsion systems will change 
markedly during this period. Results 
will be orders-of-magnitude unit- 
payload cost-reductions. 

Specific impulse of currently 
used and some possible future liquid 
propellant combinations are listed 
in Table I. The high specific im- 
pulse and the long operating dura- 
tion of liquid engines permit attain- 
ment of high performance and very 
high total impulse. These factors 
are important both for boost pro- 
pulsion and for “in-space” propul- 
sion. 

Boost Propulsion—The key to 
effective space systems is the de- 
velopment and utilization of more 
economical boost transportation sys- 
tems. The primary factor in the 
overall system is the development 
of relatively large, low-cost, boost 
propulsion systems since non-pro- 
pulsion costs, such as guidance, 
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tracking, etc. du not increase rapidly 
with system size. Two approaches 
to low, boost system costs are: (a) 
inexpensive throw-away hardware 
and (b) effective system recover- 
ability. 

Today’s propulsion system cost 
per pound of payload in low altitude 
orbit are in the $500 to $1500 
range. Effective utilization of such 
boost vehicles as Titan II and others, 
could reduce this to the $100 to 
$300 per pound range. Further re- 
ductions in payload transportation 
cost will come through increases in 
size, utilization of more economical 
fabrication, quality control tech- 
niques, and through recovery. 

Table If compares basic char- 
acteristics of some chemical liquid 
rocket, nuclear rocket, and solid 
rocket boost systems. The take-off 
weight to payload weight ratio is 
important in determining boost 
thrust requirements and launch fa- 
cility costs. Required boost thrust 
is important in evaluating liquid 
nuclear rocket research and develop- 
ment and production cost and to a 
lesser degree in evaluating the same 
factors for solid rocket systems. 
Volume is important in evaluating 


transportation characteristics and to 
some extent launch facility costs. 
Surface area is probably the most 
important characteristic in deter- 
mining the cost of the propellant 
containing component of the system 
tankage. The pounds of inerts per 
pound of payload ratio is important 
in evaluating transportation prob- 
lems and to some degree in evaluat- 
ing production cost. Propellant cost 
is of some significance in throw 
away boosters, particularly in the 
case of solids and is of even more 
importance in high-use recoverable 
systems. 

The results presented in Table 
II are indicative of the relative 
merits of non-recoverable launch 
vehicles suitable for a_ relatively 
large number of launchings (50 or 
more) where production and opera- 
tional costs start to become pre- 
dominant. Some conclusions can be 
drawn based on this table. 


Feed System Type — Pressure 
fed boosters appear to be unattrac- 
tive for high-use systems since for 
the same propellant combination 
they are larger, weigh more, and 
require higher thrust than pump-fed 
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systems. This conclusion is valid 
up to sizes where development of 
pumping equipment becomes dif- 
ficult; or for low-use where the pres- 
sure-fed systems may have a lower 
development cost and shorter de- 
velopment time interval. 

Propellant Selection—For non- 
recoverable boost systems the all 
O./H» systems are probably the 
most attractive since the lower re- 
quired thrust probably reduces cost 
more than the decreased surface 
area of the O./RP-1 or NsO,/ 
Amine system. An Os/H»2 second 
stage shows a larger relative pay off 
and is attractive in a vehicle using 
crycgenic propellants. The first 
stage of a new system should be 
O./He but the argument is not con- 
clusive enough to warrant changing 
a systen. under development such as 
Saturn. N.O,/Amine type storables 
should be used where their logistic 
operational advantages justify the 
higher propellant cost. If a storable 
hypergolic propellant combination 
with the same performance as 
N.O,/UDMH were available for 5 
to 10 cents/Ib this combination 
would be preferred to Oo/RP-1 in 
all instances, but not necessarily to 
O2/He. 

It is unlikely that a basically new 
propellant combination will become 
available in the next ten years which 
will be sufficiently high in perfor- 
mance and low in cost to displace 
the ‘O2/RP-1, O2/He, and N2O,/- 
Amine which are the only combina- 
tions currently being used in large 
liquid propellant rocket engines. 

Recoverable Systems—For re- 
coverable systems O2/Hz appears to 
be the most attractive propellant 
combination primarily because the 
weight of a recovery system can be 
added to the booster with a mini- 


TABLE | 


PROPELLANT PERFORMANCE 
100% OF THEORETICAL 


Specific Impulse, Sec. 


Sea Level Vacuum 

Standard Standard 
O./RP-1 300 358 
N-O,/.5 UDMH + .5 Now, 288 wl 
Oo/He 390 457 
O:/He + Be 455 503 
O:/He +_Be 496 555 
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DYNASOAR BOOSTER is a liquid engine. Early shots will be car- 
ried out with a modified Titan. Aerojet sees the chemical liquid 
rocket engines as doing the workhorse jobs during the 1960's. 


TABLE I 


BOOSTER COMPARISON 
(Non Recoverable) 


50,000 to 100,000 Ib Payload to Low Orbit 


Weight Ratio Propellant Cost 
No.of ———-—-_———_~-———————_ Relative Relative Dollars Per Lb 
Propulsion System Stages Launch /Payload _Inerts/Payload Volume Surface of Payload 
O., H, Pump-Fed 2 4 1.0 1.6 1.3 1.0 
O./ RP-1 Pump-Fed 2 31 1.5 1.2 1.1 0.6 
N.O, Amine Pump-Fed 2 30 1.4 1.0 1.0 5-10 
O2/He Pressure-Fed 2 22 2.5 2.5 1.8 2.0 
N.O,/Amine Pressure-Fed 2 52 4.3 LE 4 1.4 9-17 
Solid 3 50 4.0 1.1 1.05 25-75 
Nuclear 1 7 1.0 3.5 2.3 2 
22 ee 
ate . Sis 


Po at a ao Ree ee Ne eR neem cee ee een ea Cees Sia - Pe: 4, len ee bh aaa es. 
Caan ih Ta.) me ee ; ee ae Je jue ees er ea aa ay Tt -S weary: : ~* “patos Pasa ae “dees 
oie i F- SE: aa ‘ Pre, 2 ares Noe i. + od ‘i Ba Ave pete SON es : BR nly aed ke Re ee Sb Py Se 
Pie ear ey pbs ci ae Me Dc a ies See ais ve “Ted meet a) As ASSEN a Saha ss a eee Bee 
‘| wash Rely kd aie SM IY a Pe 7 et 2 j c Pee eG i ee ee 
é : i OE ieee Be Se ae ea iti) Gee eget ee ery, Sees tS eee ee de!) ca ge? ae MY oe 
‘ SERA oe on) a et ae | ee delenit yaar eee eS 8 ee cas Yt ks ie daa a cc a 
eT 
ae 8s 
AES, 
‘FD Reaeees els 
RR eh 
BN) 2 | ete 
Fes... Ae 
as UES 
Pp, Sat 
NIE 
ae 
q a ee Ne: eee eee eee ae Ce eee hie D.otaeve ais 
aa yea ie eee Bh Sn 2 ae ae Cie ee Gree Ue Re Sa easel 
cee = e a ies ba oe raphe Re Re ee for ie 1 a SSR Sh 
age as a ore a é ca ee, Bir ee ere 
rf Re: a Se cr i. “ys Sa ee ae ear: a ae 
Be ai aes owe, Ses sets sh ae Bat i o Bare: ‘emer 
3 vee ea at a Ye bee 2 De eee: rm Rote tee di 
i ee OS on +, Aeros wh ory dee er. Be tae” 5 
. ise cae ade ae ao a # ee a Ae Goa 
Pr i” BR is I “Wi ete paige a: ee 
ate bes : : ‘ aay Reis xe «Aa Mee a Par ‘uel oa 
ae “tj : ae be6? Cn a oa Mires a ie <a Bre ss 2 
7) Ae i > a eee ae Pa ~~ SS és =e }, oe ne er 
‘ - e Pt ae toh Gye Saapuees 3 ae a: rs ees sae ie q ee ee 
ars ay renee A | Be Y es iia Bees. Basie! fiche 
" Se thee ate a oe . Ree ks Sete E.'s Py 
a Meh oh Ls | cea. his.) oe wie +t Nel Soca GA * i: oertag y 
‘ ane ‘fs afi. ite hele S « ; e a 
2 ee ; ik Pe. et ee Es Bate ee eI Ped, | eye 
: sta 4 $F NE. =. alee aay a es ee 
“ * he 7 Baa teeter (0 team) coe ee we | V2 Soll Ree 
5 tae es : ‘ig Ra ee ae eo hick al ee eS eer 
Beg a hy co a ae 
‘eee i te i Bie Vote tas | wpe eke ae “ | ee am ie arms, 
Be te ee Siete ae oo Zins tea Re 
a ae ne Sees owe 2 are Rete Lig Breve 
if bee ough er = Peat ee 7 i be pet oS Oh) 
’ ae Seeaiars. | eae c | 2 (et es 
eS Beta ay Sina A ET e ce ) eats 
Be tee gi Le ih. 8, SAN ie Op 4 ay wee ata gs 
‘of Mere erat tats os NMS | = By fe Le #. . es FS j ; 
Beery eR ee Rs a \ ae ore MR Ate et 4 ies 
2 ee Te ee Sams Z ae 2" ee FS. Beg eR aes Uaee le Si 
Ree Saket ia.) ceed eA. oes ec pos oie Sa 
Bereta) shee RE ee | ie st ee oe Eek cis, ag is RE: 
ate ‘a Eo Mee ag. Bee tikes Y ee Sel gh eater 
ea SR ye tS Se Se ee ee Dae tet’ 
Rt | i a ay ear EN pe 5 ae ae ee ee} Ass ‘thr 
eee ee ce eae aS. AEN Rete ea es 5; i 2  « OS ean ets 
eee te oF me tae Boek baa eee as oiger | ae eet eee 
q Ag? ieee mast mee Ae 8 mes Se alee 
Be ee at ett vee nag Pes tear ; ee ade oS oe, he *i, See 
a. £ yet eran pet) Gee: a let ee ~ eyes | ee 
Be aes Pgs = TE ae. ane : foes f oe Beet 
EIS aa Salen © Sea care Srey, :\ eam Tage : ode Ea See: 
ey ata ea ca Rea ayaa ‘eee 0 0 erry “ap gee - eres 
Base fees Shy) ae bea 3 See aa + a m be eS via Spee 
oe ribs oe ee ee line a ht aaa ae ‘ <a ol Pee 
eee ies ip yo Vigg. Meee a j ol : [ee ae 
ieee ie shale : ie ae ee a " he ae Ya SPR' <5 
eae ee . is ie ee <a Se : oon ea See ae 
a y Ooi Ne eee a. ; ae ae Pees tae 
ty ey SS ? deg. Wage Pe i 2 Ohia A eee ec ae 
ar Pee “ Prien Sea es if ry ie + | SE oa Seales 
oe Date) - “GEN  g RUAN es “ete, a a. Bia ee | Beye le 
a ie a es Rene: ce te zt Fa au a ye). Age Ay 
et okies hg So. a % ee ae, srr oS ae ei 
a se re) ies 
Bee ghee. Ma es -| ae ne vi p » Jee a AG see 
oe tet ies 7 —_ ee SAE irl Ta ye * aS ae 5 gers 
Ne aes MCSE an cs coe eek * See eos By a 
Bi Sees = ae Bi. eames % ae rae — 2 aR ee ae 
: OR a A “ee af ris ian er) Pt? we 
eS, ec var ae (e060 # 7 
BR, ~ TORN Mia - a ee A eee . et 
ate J ORS ce ct an Bee ee 7 f : ’ maa) | a 
i ie ics a ne ee a s) ' yi . Bei aa oe 
ig Pe.. ee AR ay a ‘ “a A to aes 
‘ae es cl. ate ee ag sy Se dl a a as eee 
eee ee ee a . an _oteanting i 
a a) SRS > ui “ Sees A a fees ea 
a Be) TEE gp ie Sine a a es ee.’ ae al 
er aa : + eee 5 er ane Pete, Seer te 
a a ee tir Be” sis wad ae te ae an, 
ba Ge Mice Cc aamats ise eal i. _ Li ae ee 
: She! OEIC ARS, sh Y / : \ Savi See Beton 
ee ai ; 3 aa wt 4 J ae ee et 
me. i ee eee) are ay eee 
; j ee AS oo ee eae 
6 : ‘ Se, oat ae ” * " se Med ae la es 
: 1 : ee ee i) ak | % NG ae SS 
Peer aes : ai i eae Ria cee ie ee es atte eee ee 
4 Pies Ae om eas ssh Sa at Nl ee > ae hs cts - | Sd aie Begs so 44 
“| Ba Sse ga Hg Oe ae tae ae et s) ‘Rs are aye 
| Oe Malaga eee oat a ee See Pea See 
4 Tsk. a tee ae ine ae = ice <A ee we ie ae 28 oe met Res. pA 
fats eee) eo 2 Np ee ee es ae ee gy ees 
I ea yh a ak f Pre ee tLe Ve ae 7 Bc ¢ ae ia a anne 
1 es 2h) rs Shee ciate aa (oar = rial @ Z oe ae > Seen 
12 are | Fa jah ace Bee ; any pi. ae Bae sat 
AS NG ae neti oe Sa me af Pet . | Ngee 
OE oe 6 ae i ¥ ' (ee res ‘Semaine 
aah tec t Fane) alee i =e aia - a Figs =. “ ay Site aa, 
ps a dF Gl ae ‘ Sees: | ae rs oa tr ‘20 a em ; ick. \< Seed 
"GA a eos it A Be See : a ae Nie Bas 
Be Sach a Tels, | 5 AAG x cla eee "s Ds A Ngee tye fe ia aah Si 
Aa ara Ree: + | Rey a ge i ane i Ne ye eee eee t Then 
‘a ct ae “ey, fi er Bese ne ate * ye rid Ms Rae ees, eee 
7 es ieee (art A oc ne oe ss <_ % Cae ae ; ele g 
rt | a) TO eae eas Suhew ia i 3a! a 
+) Scere ee sete fae gk: ae i Re iss Se 
, he We oneal yg NS 2 oe ee S igi Beet RANE 
= AR Se. SS CO “Seah ale “Sa 
BY Sho tedden ct Mn reste - \ ae aes 
: 4 Sheena Uae ele ey gi: soar i Pett Ty: 
% Bie) <n eas eg ae a aes ri 8 a eae eo 
; nt i eg a ee ey) een is 7 ii Ee 
a aa oad ee Py _ i 2 Pace & me, <n eee a 
gS <a ys i PP ar ee P. Si Se ae ore 
; BS coe A oe | PS eo = ane) Sn 
mor ey ee » Nb, “Ae Puce : na I) TRS 
ey aie? aaa (ee Saar 2 ia =) ae EEN © 
eee a a oe =a fj a ee he | SA: 
‘ i te | SORE PO, args: Ah | ree ‘ i a | Se 
cea i a cats a SPE os ian “a “aia 
ee ee Bye i "poles - ee Teena 
Bee aes it ay a eee ae 02% Lo a ote 
Be | Se poe ner gae z pant ae Rica, oe 
5: em ae et it aa — Beri. aka 
& aah: Ee we. ae jake eens 
an Soe N= Soares Ree 2 as ro ie. my ine el 
ai oe eee ost i ee ME. Ee | Be es \Soeviienr es 
a i Aa eee ee 4 ot ae ae 
y aa ie LD, ae, ao <A > ae 
a i isk econ tr 
~ a ee er sag - rere ree 
: ee 
y tt aay 
Beet kt 
agp 
eee 
ea 
ee 
ay ¥ Bi i 
ee 
f am ee a 
a abet Mee 
Bae, Ween 
eee Pe pee ieee 
ae & 
ees, f 
ra Sele 
Po ee 
a ag 
ee ae 
Me. Pe sf 
« aaa 
jee 
a: 
. PC eet 
ee —<—<—-———_— eer 
“Sead 
Be, 
ms | rene 
kee 
ae 
fe a eh 
iy ——— ee Sharda 
| Teas 
: - CEN 
if ey 
SS Po 
+3) Sipe 
fe eae 
i} SAR 
1a El 
hota Re) 
j Feces ; eee 
4 es ib - A is 4 : . ee aii Ea ay Ye 
th: ae 7 oe JR ers: ee aaa OMS ole: En areTD Mae ks ee Thee ae 2 Ee On Tg ee 
ie oe ae Hew occ! i OI esa Winghe ae". ES | 
Al oe. yee sR aS Re see ee ae aes tees be! alge’ 3. eee Renate Bc eee ee, ; 4] se 
ie Si Miia | diet ~ ei ee papers int he ae fee fh oe MG PS Bape, AE Ta = peasy f aay 


AEROJET FORECASTS .. 


- continued 


Air liquefying systems such as the LACE 
promise higher specific impulse than pure rocket 


mum effect on system performance. 
For instance; doubling the inert 
parts weight of a two stage O./H» 
boost system will increase its size 30 
percent per stage while the same in- 
crease in a O./RP-1 system will 
increase its size 50 percent per stage 
for the same payload. 

Alternate Boost Systems—Solid 
propulsion appears to be unattrac- 
tive for high-use due to a much 
higher metal parts weight, high take- 
off to payload weight ratio, high 
propellant cost, and the requirement 
for more stages. Possible applica- 
tion of solid rockets as boosters may 
include: (1) parallel staging of 
simple high thrust solid motors for 
the first 40 to 60 seconds of boost 
flight to increase the payload capa- 
bility, and (2), as a throw away first 
stage with high energy liquid pro- 
pellant upper stages provided low 
cost units can be provided. 

Nuclear rocket advantages for 
boost systems are a lower thrust re- 
quirement and the elimination of 
Staging. It is extremely doubtful if 
these advantages will outweigh the 
smaller volume, lower propellant 
cost, and operation advantages of 
two stage chemical boost rockets. 
The nuclear rocket has a proper 
place in space propulsion after the 
boost phase where the 30,000 ft/sec 


single stage capability and modest 
thrust requirement can be best 
utilized. 

Air breathing engines, either 
turbojet, ramjet, or air liquefying 
such as the LACE offer the potential 
of much higher specific impulse than 
the pure rocket. The disadvantages 
are higher propulsion system weight, 
greater complexity and much greater 
aerodynamic problems during the 
boost phase. If the aerodynamic 
problems involved in using an air 
breather to orbit and return are 
solvable, the problems involved in 
returning a two stage rocket utiliz- 
ing a zero lift boost trajectory are 
more easily solvable. Rockets are 
simple and can be developed to the 
reliability level required for air- 
plane-like operation. 

In Summary—Economical boost 
systems can be obtained by utilizing 
two stage liquid rockets with costs 
approaching $30/Ib of payload in 
orbit for throw-away systems and 
approaching $5/lb of payload in 
orbit for fully recoverable systems. 

By the end of the decade boost 
systems having low orbit payload 
capability of at least 250,000 
pounds and costs approaching the 
$5/lb of payload can be available 
based on known technology. This 
will be the case only if a well di- 


ABLE STAR is operational and represents an engine with some of the 


characteristics of a true “in-space” 


56 


vehicle. Aerojet feels that solids have 
too many disadvantages for space use. 


rected program is properly sup- 
ported. 

Chemical liquid rockets will 
provide the workhorse in-space pro- 
pulsion during the 60’s. The opera- 
tional AbleStar represents a restart- 
able stage with some of the 
characteristics of true “in-space” 
engines. By the end of the decade 
nuclear rockets and electrical pro- 
pulsion systems will begin to dis- 
place the chemical systems for the 
high velocity increment missions 
such as an interplanetary round 
trip. 

In-space rockets are required to 
perform more sophisticated control 
functions than boost rockets. These 
requirements result from orbit 
matching, lunar soft landing, and 
similar precise positioning problems. 

Two and possibly three basic 
types of engines are required. 

1. A main propulsion system to 
supply the great majority of the 
stage velocity increment at high ef- 
ficiency. Multiple starts and possi- 
bly variable thrust will be required. 
Use of high energy propellants is 
practically mandatory. O./He will 
be used and possibly F:/H2 or 
O./H. + B,. Propellant cost is not 
critical. 

2. Vehicle attitude control rock- 
ets: A low thrust requirement is 
indicated but high cycling rates and 
precise impulse control require rea- 
sonably sophisticated design ap- 
proaches. High performance is im- 
portant but not to the same degree 
as in primary propulsion. 

3. In some cases a third class 
of engine intermediate in thrust 
between primary propulsion and at- 
titude control systems are required. 
Landing engines for exact impact 
control on lunar soft landing appli- 
cations are an example of this inter- 
mediate requirement. Propellants 
will be the same as used in the pri- 
mary propulsion system. 

a4 


A REPRINT 
of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES 
Chestnut & 56th Sts., Phila. 39, Pa. 
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ecrets of 


Successful Seal Design 


Cryogenics - No. 2 of a Series 


The sealing of very cold liquids with 
mechanical seals has opened a new 
dimension in cryogenics — and, with it, 
new problems. For instance, many 
mechanical seals which are satisfactory 
for liquid oxygen service at -—280°F 
may lose one-half or more of their 
service life when used with liquid 
nitrogen at —320°F. 


Nv 
‘SOipsonee 


Sealol LOX Seal — thin film, Kel-F* 
packing .005” thick, replaces the cus- 
tomary O-ring or V-cup packing, thus 
reducing axiol drag caused by elas- 
tomer shrinkage. 


Liquid oxygen, or LOX, is probably 
the simplest of the cryogenics to handle 
since it appears to supply some small 
amount of lubrication, perhaps in the 
form of an oxide on the faces of the 
mating ring and seal ring. However, 
lubrication values of liquid nitrogen 
and hydrogen are practically nil, and 
we must select face materials which 
are designed for “dry” operating 
conditions. 

*TM Minnesota Mining & Mfg. Co. 


HOT OR COLD 

It is curious how our technology for 
solving high temperature, dry-running 
seals now unexpectedly finds a place 
at the other end of the temperature 
spectrum. In both situations, lack of 
lubrication is at the heart of the prob- 
lem. Incidentally, our specially treated 
dry-running seals have met life require- 
ments of 3,000 hours on a shaft turning 
at 7,000 RPM, ambient temperatures 
to 250°F and intermittent pressures to 
650 psi when water was pumped for 
two minutes once every four hours. 
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Equipped with standard Sealol LOX 
Seal, this 500 GPM centrifugal pump 
is part of skid-mounted LOX ground 
support equipment manufactured by 
the Cambridge Division of Standard 
Steel Corporation. Discharge pressure 
is 100 psig max., 2380 RPM operating 
speed. 


SEAL LOCATION 

Pump design and general operating 
conditions will have a lot to do with 
seal performance when handling cryo- 
genics. Provide, if you can, for the seal 
to operate directly in the liquid being 
sealed. This will give you the benefit 
of whatever lubrication value the fluid 
has, plus better heat transfer condi- 
tions, and is usually preferable to seal- 
ing the gases themselves. When the 
seal is operating in the vapor stage, 
the temperatures ambient to the seal 
ore usually slightly higher than if the 
seal were immersed in the fluid. 


APPLICATION REQUIREMENTS 


Our missile customers usually think of 
seal life in terms of minutes and 
seconds, or at the most, in hours. On 
the other hand, our industrial cus- 
tomers want LOX transfer pump seals 
to stand up for years. In the latter 
case, speeds and pressures are con- 
siderably lower, and under favorable 
conditions, a life of 1,000 hours is 
certain. 


At high rubbing speeds, say 10,000 
fpm and more, “burn” marks are fre- 
quently observed on the rubbing sur- 
faces of the seal and mating rings in 
spite of the fact that the temperature 
of the cryogenic being sealed is hun- 
dreds of degrees below zero. 


ss 


High spring loads will frequently be 
the villain behind this curious phenom- 
enon. Seal designers have been lean- 
ing towards higher spring loads in 
order to overcome the drag caused 
by stiffening of the elastomers at low 
temperatures. If you notice burn marks 
on your mating rings, check for exces- 
sive spring loading in relation to face 
rubbing speeds. 


BELLOWS SEALS 


Sealol balanced-pressure bellows seals, 
on the other hand, provide a positive 
answer to this problem because metal 
bellows offer no temperature induced 
resistance to axial movements as do 
elastomers. As a result, spring loads 
can be reduced to any level consistant 
with optimum face loading. 
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Betore test 
Ea At —220°F after being clamped te S65” 
——- 


Cold-soak tests hove indicated that 
bellows spring characteristics (Stain- 
less #300 Series Steel) remain un- 
changed for all practical purposes, 
before, during and after immersion in 
cryogenic liquids. 


We have learned the hard way that 
there are no pat answers to problems 
involving cryogenics, because each 
requires special consideration. We'd be 
glad to exchange information and, if 
you wish, submit a proposal for your 
specific problem. 
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INC. 
421 Post Road, Providence 5, R. I. 


Providence — Stuart 1-4700 
New York — Yukon 6-0288 
Phil. — Lowell 6-3770 


Chicago — Independence 3-6707 ~ 


Denver — Florida 5-7260 


in Europe: Sealol-Europe s.a.r.1. 


Cleveland — Washington 1-7234 
Houston — Greenwood 2-2318 
Los Angeles — Chapman 5-3746 


“2m San Francisco — Fireside 1-8130 


79 Boulevard Gaillieni, issy-Les Moulineaux, Seine, France 
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An Aircraft & Missile 


THE NEXT TEN YEARS IN SPACE 


Aerospace Structures Gap 


Choice of vehicle structures limited 
by dearth of conclusive data on space environment; 
Tests urged to simulate meteoritic impact, solar heat, and hard vacuum 


By Dr. Seymour Lampert, Monoger Aeromechanics Dept., 


Aeronutronic Div., Ford Motor Co. 


Having set our initial goals in 
space exploration, we are now fac- 
ing the unknowns of a vast and 
enigmatic environment. 


What is the make-up or content 
of the regions beyond the confines 
of our atmosphere? Current state- 
of-the-art can offer no definitive an- 
swer to this pressing question. 
Scanty information gathered thus 
far, however, indicates early prob- 
lem areas imposed by radiation 
zones and the vacuum of space. 


This article will confine itself to 
design considerations of space-ve- 
hicle structures, related to the 
launching and the space phases of 
the mission. 


Present multi-wall design con- 
cepts for space structures include: 
(1) rigid, (2) non-rigid inflatable, 
and (3) semi-rigid structures of the 
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inflatable type. Of these, the rigid 
structure appears to be the most re- 
liable concept for the initial manned 
vehicles. The large number of un- 
knowns involved make it difficult at 
this time to reliably assess the capa- 
bility of the more-exotic, expand- 
able structures. 


Information on human as well 
as material tolerances, from various 
environmental inputs must now be 
established. Ignorance of these in- 
puts tends to place limitations on 
the selection of orbits and the dura- 
tion of missions. Requirement for 
continuous or intermittent human 
occupancy imposes additional struc- 
tural constraints. Orbit and vehicle 
orientation should be selected to 
minimize anticipated hazards and to 
provide for creature comfort. Some 
guiding principles in selecting a 
structure for continuous human oc- 


cupancy up to 30 days in orbit fol- 

low: 
(1) An optimum structural con- 
figuration should be chosen to 
endure mechanical loads im- 
posed by boost, and fulfil pres- 
sure-vessel requirements in 
space. 
(2) The design should incorpo- 
rate structural shielding against 
meteoritic penetration and cos- 
mic radiation. To minimize ef- 
fects of a penetration, the de- 
sign should incorporate fail-safe 
measures against crack propa- 
gation and/or explosive failures. 
(3) In light of item (2), defini- 
tive information relative to these 
environments must be acquired, 
and structural weight penalties 
assessed for environmental safe- 
guards. 
(4) Since solar radiation and in- 
frared radiation are of major 
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concern, a surface finish should 
be selected to provide the proper 
heat balance for an inhabitable 
internal environment. 
(5) Material selection should be 
guided by what is readily avail- 
able or promising. It is well to 
recognize that the strength for 
weight advantages predicted by 
launch and boost requirements 
are not the criteria in space 
where lightweight may be gov- 
erning; hence, a proper mating 
of these functions must be re- 
flected in the design. 

(6) Tests should be performed 

to check material behavior un- 

der meteoritic impact, solar 
heating and hard vacuum. 

(7) Methods for detecting and 

repairing leaks for sealed cabins 

must be developed. 

Areas for Investigation—An in- 
vestigation carried out by Aeronu- 
tronic for WADD (Contract No. 
AF 33(616)-6641) has led to con- 
clusions indicating how these prin- 
ciples may be adhered to. Areas re- 
quiring more definite information 
or further investigation are de- 
scribed below. 

Related to meteoritic problem, 
the need exists for knowledge of 
inputs, and response of structures 
and materials. Analytical methods 
for determining vehicle structural 
requirements fall into: (1) pressure- 
vessel requirements, (2) structural- 
stability requirements, and (3) 
shielding requirements. In each of 
these categories the analysis is based 
on the knowledge of inputs (loads 
—as determined by the mission and 
the environment), and knowledge of 
system response (structural re- 
sponse). 

With regard to pressure-vessel 
function of structure, knowledge of 
both inputs and response is ade- 
quate enough to yield a design of 
reasonable reliability. Shielding de- 
sign, however, is hampered by in- 
adequate knowledge of both en- 
vironments and material response. 

With regard to structural stabil- 
ity requirements, inputs can be de- 
fined with reasonable accuracy. 
However, for complex structural 
geometries, stability calculations 
are complicated by serious analyti- 
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cal difficulties. Therefore, certain 
conservative approximations must 
be used. This implies a weight pen- 
alty. But, it is important to note 
that for multi-wall geometries, the 
designs of outer and inner walls are 
governed by shielding and pressure 
vessel requirements; the stability 
analysis determines only the core 
configuration. Hence, the weight 
penalty will be reflected only in the 
weight of the core, which can be ex- 
pected to weigh a fraction of the 
total structure. 

Thus, the minimum weight of 
space vehicle structures is mostly 
dependent on the meteoric shield- 
ing and pressure vessel require- 
ment. The meteoric environments, 
the load inputs, and the combined 
material and structural responses 


require the greater attention in 
structural tests. 

The static response of a pres- 
surized structure is adequately de- 
fined by established methods of 
analysis; however, certain fail-safe 
design information on multi-wall 
structure is needed. A detailed un- 
derstanding of crack propagation 
and explosive-failure phenomena in 
typical structures from 500°F to 
—300°F is of urgent importance. 

Cosmic Radiation—Need exists 
for energy spectrum of various par- 
ticles, tolerance levels for human 
occupant, effect on materials, and 
attenuating characteristics of mate- 
rials. 


Radiation (both in and out of 
Van Allen belts) must be considered 
in planning manned exploration. 


coe Beg ee et eee mea 


DOUBLE-WALL CAPSULE for manned space exploration is shown in 
artist's conception; space station and winged re-entry vehicle are seen in 


background. Design is by Space Technology Operations team, Aeronutronic 
Div., Ford Motor Co. 
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AEROSPACE STRUCTURES... continued 


Purpose of each manned orbital flight 
will influence design of structure and shielding 


Extent of this radiation may deter- 
mine the length of time an indi- 
vidual may remain outside of the 
Earth’s protective atmosphere. The 
purpose of each manned orbital 
flight will influence the selection of 
structural and shielding materials, 
as well as the thicknesses needed. 

Lack of precise knowledge of 
this expected radiation for a chosen 
orbit leaves in the design and 
shielding a very large margin of un- 
certainty. To. minimize this uncer- 
tainty a detailed mapping of the 
radiation surrounding the Earth is 
required. This should be done from 
about 300 km to as far out as prac- 
ticable, including the Van Allen 
belts. Consideration must be given 
to the types of radiation, also to 
steady-state conditions (if such 
exist) as well as variations from this 
steady state. A study of the fre- 
quency and magnitude of any varia- 
tions and their causes may reveal 
favorable flight periods with a mini- 
mum of shielding. The gathering, 
reduction, and compilation of the 
above data is being done to some 
extent through NASA’s NERV and 
Scout programs and the Air Force 
Blue Scout. 

The theory of energy absorption 
and beam attenuation by matter to 
several types of radiation has been 
fairly well developed and substanti- 
ated experimentally. However, 
radiation attentuation must be 
plotted as functions of thicknesses 
and materials for satellite walls and 
special shielding structures. This 
would enable the satellite designer, 
and the shielding specialist to deter- 
mine optimum combinations of ma- 
terials and wall thicknesses needed 
for space crews and sensitive equip- 
ment. 

Materials Problems and Test 
Requirements—In addition to crack 
propagation and structural explo- 
sive tests, creep studies are needed 
of dual-wall pressurized structures, 
as well as simulated environmental 
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tests on materials and dual-wall 
pressurized specimens. 

Current state-of-the-art _indi- 
cates that some mechanical proper- 
ties change after exposure to high 
vacuum, but the direction and mag- 
nitude of change are not well de- 
fined. Vacuum environments util- 
ized thus far are equivalent to a 
100-300 mile orbit. 

It might be desirable to study 
vibration fatigue, creep, impact 
strength and coefficient of friction 
under vacuum conditions approach- 
ing 1 x 10°? mm Hg. Vibrational 
fatigue will be considered since any 
motion inside a space vehicle will 
impart more or less undamped vi- 
bration to the whole structure. Be- 
cause of the existence of continuous 
low-level tensile loading and ele- 
vated temperature (400°F on solar 
oriented sides) creep can become 
a problem and should be investi- 
gated. Impacts will occur from col- 
lision with micrometeorites which 
have been measured as large as 
8 cm in diam weighing 10* gm. 
Assuming that any named satellite 
will have components containing 
moving parts, coefficient of friction 
becomes a problem. It is recognized 
that adsorbed gas films impart a 
beneficial effect to friction and wear 
properties. Such films will be absent 
in a space environment and seizure 
and welding can occur through 
molecular bonding. These effects 
may occur even in such a simple 
operation as threading a bolt in a 
hole. Repair or self-sealing tech- 
niques should be developed for va- 
rious materials exposed to severe 
vacuum. 

Consideration should also be 
given to effects of space environ- 
ment on physical properties of ma- 
terials. Current concepts indicate 
that similar effects on mechanical 
properties of materials may be of 
secondary importance. A region of 
prime importance and concern is 
surface of the outer shell of any 


space vehicle. This surface is sub- 
ject to extreme conditions of vac- 
uum and radiation. The extent of 
chemical stability of the material 
comprising the structural outer 
shell, during long exposure to space 
environment is yet to be deter- 
mined. Therefore, there is need to 
study such affects as the dissocia- 
tion of nitrides, carbides and oxides 
on the surface of structural metals. 

Of equal importance are environ- 
mental effects on adsorbed gases 
and dissolved gas in the lattice, de- 
pending on material. Another im- 
portant aspect for consideration is 
the effect of high vacuum on the 
lower-boiling-point alloying  ele- 
ments in a structural metal. All of 
the above phenomena will alter 
strength or mechanical properties 
as well as the desirable surface con- 
ditions. 

Space parameter imparting the 
greatest effect on the described sur- 
face conditions is high vacuum. It 
is also the condition which can most 
accurately be reproduced in earth- 
situated laboratories. Suitable struc- 
tural and coating materials such as 
aluminum, magnesium, titanium, 
steel, refractory oxides, and cermets 
should be exposed for suitable time 
intervals to extreme vacuum under 
various conditions of temperature. 
Indications are that pressures below 
1 x 10° mm Hg are required to 
study such surface effects. Current 
vacuum technology allows pressures 
approaching 10°'*? mm of Hg and 
systems capable of such high vac- 
uum would prove invaluable at this 
time. Effects of temperatures vary- 
ing from —70 to 400°F should also 
be investigated. Weight loss, micro- 
graphic and chemical analyses in- 
vestigations should be conducted in- 
volving exposures of several weeks 
to the environment required. 

Thermal Control — Structural 
weight trade-off studies between 
insulation weights and radiation 
control devices for various missions 
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and durations are of particular in- 
terest. 

To-date, insufficient data are 
available on the effect of ultra-low 
vacuum on materials to be used 
for passive temperature control of 
space vehicles. Sublimation and 
ionization of surface materials sub- 
jected to high vacuum may con- 
siderably change the optical prop- 
erties of the surface as well as 
seriously reduce the useful life of 
these surfaces. Super-imposed on 
ultralow vacuum phenomena is the 
possible surface degradation due to 
radiation, micrometeorite impinge- 
ment and sputtering. Use of surface 
coatings to control heat transfer 
and, thus temperatures in outer 
space vehicles is important due to 
inherent simplicity and low weight. 

Depending on the particular 
orbit and mission of a given space 
vehicle, the required thermal radia- 
tion characteristics of surfaces may 
change. In one case, maximum re- 
flection of solar radiation and maxi- 
mum absorption of infrared radia- 
tion may be required. In another 
case, the maximum reflection or 
absorption of all wavelength radia- 
tion may be required. Severe outer 
surface temperature gradients can 
occur if no attempt is made to con- 
trol the emissivity and absorptivity 
of the surface. The temperature of 
a thin walled polished aluminum 
surface could vary from several 
100°F in a region (S500°F) to 
several 100°F below zero in an- 
other region. 

Lastly, a program should be in- 
itiated to determine optical char- 
acteristics of several promising ma- 
terials when subjected to ultrahigh 
vacuum for various periods of time. 
Whenever feasible, these surfaces 
should also be subjected to simu- 
lated space radiation and particle 
environments to more realistically 
determine the state of the surface 
in an outer-space environment. In- 
formation of this type would be 
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TELESCOPED MODULE concept proposed by Aeronutronic incorporates 


space-saving feature for manned capsules. 
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useful in evaluating the require- 
ments for environmental control 
within the pressure vessel. 
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SPECIAL REPORT 


THE NEXT TEN YEARS IN SPACE 


Design Details For Novas Booster 


Single chamber F-1 engine develops 1.5 million Ib thrust, 
Enhances liquid propellant dominance in boosters through late 60's; 
Thrust chamber uses cooled and uncooled sections 


By David E. Aldrich, F-| Progrom Monager 
ond D. J. Sanchini, Asst. Program Engineer, 


Rocketdyne Div. of NAA 


Payloads planned for Earth or- 
bit in the late 1960’s are in the 
order of hundreds of thousands of 
pounds. For lunar landings and re- 
turn, and for planetary orbiting, the 
payloads will be on the order of 
tens of thousands of pounds. Dur- 
ing the later part of the decade it 
is expected that manned space lab- 
oratories will be established and 
will require repeated missions to re- 
new supplies and change personnel. 
The vehicle accomplishing these 
jobs will be Nova, successor to the 
Saturn. Nova will use clusters of 
the giant F-1 engine in its first stage 
booster. F-1 is a single chambered 
1.5 million Ib thrust engine that 
uses liquid oxygen and RP-1 as a 
propellant combination. Clustering 
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F-1 will give Nova 9 to 12 million 
lb of thrust at takeoff. 


Engine Design — Basic com- 
ponents of the F-1 are a tubular- 
wall thrust chamber, a direct-drive 
turbopump, a gas generator, and 
their controls. Engine weight is 
about 15,000 Ib. 

For simplicity and compactness, 
the turbopump is mounted directly 
on the thrust chamber. 

All other components are also 
mounted on these two assemblies, 
or are in the plumbing system be- 
tween them. When the engine is 
gimbaled, the high-pressure ducting 
is not flexed. Thrust vector control 
is achieved by gimbaling the entire 
engine. The high-pressure fuel is 


used as the hydraulic actuating 
medium. 

Thrust Chamber—Thrust cham- 
ber on the F-1 consists of a tubular- 
wall, regeneratively cooled chamber 
with an uncooled extension, a 
double-inlet oxidizer dome, four in- 
tegral fuel valves, and a flat-face 
injector. 

The cooled portion of the thrust 
chamber extends to a 10:1 expan- 
sion area ratio. Its approximate 
measurements are: combustion 
chamber, 40-in. diam; nozzle exit 
diam, 9.5 ft; and length, 11 ft. 

The chamber is designed for the 
attachment of segmented, uncooled 
extensions. This facilitates transpor- 
tation, and allows any expansion 
area ratio up to 16:1. 


Aircraft & Missiles ¢ January 1961 


= 
———— 


ee | 
3 | 


pS 


SPACE PLATFORMS are envisioned by some plan- 
ners before the end of the 60’s. Using spent sections 
of the huge Nova vehicle is one projected way of 


Two tons per second of liquid 
oxygen and nearly one ton per 
second of narrow-cut kerosene 
(RP-1) are burned in the combus- 
tion chamber. 


The oxidizer is fed through dual 
inlets to the dome to assure even 
distribution to the injector. The 
oxidizer passes through feed holes, 
and is injected through a pattern 
of 2600 orifices into the combus- 
tion chamber. 


The fuel is also fed through dual 
inlets to a chamber fed manifold 
(see illustration). It then flows 
through alternate tubes for the 
length of the chamber, and returns 
to the fuel collector manifold. The 
flow then continues through four 
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building such a platform. Nova will follow Saturn in 
NASA’s development cycle for big boosters. Prelimi- 
nary Flight Rating Tests will start in 1962. 


+ Sean. 


‘enim ck MARS SATELLITE " enor vey fas 
Re MOON LANDING ANO RETURN J OR EARTHORBIT VEHICLE : 
Bay. gear maeae ; a Lea Ze 24-HR EARTH ORBIT z Raia, pros iy tage ” 


Ree ee read : é 


NOVA VEHICLES will be powered by a first-stage cluster of F-1 engines. 
Thrust will be about 9 million Ibs. Configuration on right could loft 400,000 
lb payload into low Earth orbit. Configurations at left and center could 
put about 90,000 Ib in Mars orbit. 
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F-1 ENGINE FOR NOVA . . . continued 


Valves and controls use propellants as hydraulic medium; 
Engine to have 18,000 sec ground test by early ‘63 


ALTERNATE TUBES 
OF THRUST CHAMBER 


THRUST CHAMBER is cooled by 
RP-1 which flows through alternate 
tubes in chamber wall. Fuel is fed 
through dual inlets to a chamber 
feed manifold before entering the 
tube wall. Oxidizer is fed through 
dual inlets to the dome to assure 
even distribution at injector. Oxi- 
dizer enters combustion chamber 
through pattern of 2600 orifices. 


INJECTOR TESTS were carried 
out with heavy inexpensive thrust 
chamber. Injector was major design 
hurdle. Took year and half to 
evolve stable configuration. 
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fuel valves spaced at 90 deg around 
the chamber into an injector feed 
manifold. This manifold distributes 
the fuel through 32 spokes into the 
injector, from which it passes 
through approximately 3700 ori- 
fices into the combustion chamber. 
The location of the valves down- 
stream of the chamber provides a 
greater degree of control in timing 
and sequencing the fuel for engine 
starting. It also provides a repeat- 
able minimum cutoff impulse. 

Turbopump—In the interests of 
simplicity and reliability, the turbo- 
pump is a direct-drive unit. The 
fuel and oxidizer pumps are driven 
by a velocity-compounded turbine. 

The turbopump, operating at 
rated conditions, will develop ap- 
proximately 60,000 horsepower. 
The assembly is approximately 4 
ft in diam, 5 ft in length, and weighs 
approximately 2500 Ib. 

Oxidizer is supplied to the pump 
through a single inlet, in line with 
the main shaft, and is discharged 
radially through dual outlets. The 
dual-outlet design provides a bal- 
ance of the centrifugal loads in the 
pump and minimizes the pump di- 
ameter. 

The fuel pump design includes 
dual inlets and outlets for balanced 
load distribution and minimum size. 

Gas Generator—The gas genera- 
tor burns a fuel-rich liquid oxygen 
and kerosene mixture. It burns 
about 2 percent of the total propel- 
lants used in the engine. 

The unit is partially spherical 
and is approximately 10 in. in diam. 
The design makes use of a double- 
wall combustion chamber, through 
which the fuel flows to regenera- 
tively cool the body. This feature 
adds to the safety of the engine by 
eliminating a hot outer surface 
which could ignite leaking propel- 
lants, and it reduces heat radiation 
to adjacent components. 

Controls — The main controls 
are: four fuel valves, integral to the 


thrust chamber assembly; two oxi- 
dizer valves mounted on the thrust 
chamber dome; a gas generator 
valve; a fuel and oxidizer flow regu- 
lator for the gas generator; and a 
four-way solenoid valve. This four- 
way solenoid valve is one of the 
only two components in the engine 
requiring electrical wiring or energy; 
the other component is the spark 
exciter for gas generator ignition. 

The fuel, oxidizer, and gas gen- 
erator valves use propellants as 
their hydraulic actuating medium. 
The oxidizer and fuel valves are of 
the poppet type. The poppet elimi- 
nates the turning moment associ- 
ated with large butterfly valves, sim- 
plifies sealing problems, and mini- 
mizes the package size. 

The high-reliability goal re- 
quired for manned space explora- 
tion will be achieved using concepts 
that are already well proven. 

Engine System—tThe first en- 
gine is scheduled to be tested early 
in 1961. The components being as- 
sembled into this engine have com- 
pleted hot firing and bench tests. 

The first phase of the engine 
program will consist of short-dura- 
tion tests to perfect the engine start 
and shutdown sequences. These 
tests are followed by performance, 
durability, repeatability, and reli- 
ability programs, all designed to 
prepare the engine for the start of 
the Preliminary Flight Rating Test 
in late 1962. The engine, after ap- 
proximately 18,000 seconds of de- 
velopment testing, is scheduled to 
complete PFRT tests in early 1963. 


a 


Abstracted from “The Development Of 
High-Thrust Engines For Large Vehicles,” 
presented at 15th Annual Meeting of 
American Rocket Society, Dec., 1960. 


A REPRINT 


of this article can be obtained by 
writing on company letterhead to ' 
The Editor, AIRCRAFT & MISSILES, 
Chestnut & 56th Sts., Phila. 39, Pa. 
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GD700 SERIES LR SERIES LOADER REGULATORS : LV-10 LOADER VALVE 
GAS-0-DOME REGULATORS ys 


in bronze or stainless steel : 
Models in bronze or st Made in bronze only. 


Models in bronze or stainless steel Max. inlet: 7000 to 10,000 psig. 3 ; 

Pilot operated type Outlet range: 5-200 to 200-10,000 psig. ne m = 7000 psig. 

Max. inlet: 7000 to 10,000 psig. Flow: 10 scfm. : % Fast finger-tip control: 

Outlet range: 10-150 to 400-7000 psig. Low torque: 35 inch-Ib. at_7,000 psig. & 30° clockwise, loads; 

Flows to 250 scfm. atid inch-Ib. at 10,000 psig. 30° counter-clockwise, bleeds. 
Low torque: 35 inch-lb. at 7000 psig. ane! mounting Panel mounting 

Panel mounting Bulletins Rll and R17 Bulletin LV-10 

Bulletins R12 and R18. ‘ 


. 


BPR SERIES 

BACK PRESSURE REGULATORS GD90, GD100A AND GD200A GD60 AND 80 SERIES 
SERIES GAS-0-DOME REGULATORS se GAS-0-DOME REGULATORS 

Models in bronze or stainless steel Medals in tecnaeat ahaa wai ae? eas 


Adjustable relief ranges: From 25-500 


: : Compensated, high-flow type inl | 
psig. to 2000-10,000 psig. fe . : (stainless steel on request) 
Panel mounting Max. inlet and outlet: 6000 psig. Inlet and outlet range: 2500 to 10,000 psig. 
Bulletin R19 . Flows to 80,000 scfm. / Flows to 1500 scfm. 


Remote control and/or a 
panel mounting provisions 
Bulletin R18 


Remote control and/or — ‘4 
panel mounting provisions 


Bulletin R10A 


Victor offers you choice of these and many other 
gas regulators for a wide variety of applications. 


All come cleaned for oxygen service; LOX cleaned when specified. Operating temperature 
ranges: —67° F. to +250° F. (storage —80° F.) Modifications for special applications. Write 
now for Victor High Pressure Regulator bulletins and Regulator Inquiry Form 361A. 


Mfrs. of high pressure and manne 
large volume gas regulators; 63 
wsieettnecers | WICTOR EQUIPMENT COMPANY tw 
hardfacing rods; blasting nozzles; 
cobalt & tungsten castings; 
Straight-line and shape 
cutting machines. 844 Folsom St., San Francisco 7 * 3821 Santa Fe Ave., Los Angeles 58 » 1145 E. 76th St., Chicago 19 
J. C. Menzies & Co., Wholly-Owned Subsidiary 
Circle 18 on Inquiry Card 
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OUT OF HIGH-STRENGTH 
STEELS AND TITANIUM ALLOYS 


Dome and closure components, forged and 
machined by Wyman-Gordon in both low- 
alloy, high-strength steels and all-beta Tita- 
nium—have contributed measurably to our 
present status in solid-fuel missile develop- 
ment. Research is continuing for the pur- 
pose of adapting new materials to these 
applications. Wyman-Gordon engineer- 
metallurgists are available to counsel on all 
phases of forging such critical-service parts. 
Their assistance can help extend ultimate- 
strength limits of your space designs. 


WYMAN - GORDON 


of Aluminum Magnesium Steel Titanium... and Beryllium Molybdenum Columbium and other uncommon materia 
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Robbins Aviation Inc. protested Air Force's removal 


of patent legend from company drawings, 


Persisted under heavy odds, and “beat city hall" 


This is the fourth article of a series dis- 
cussing the procurement policies, and prac- 
tices in the Department of Defense (DOD). 
The two are often at variance. Discussions 
have centered around that section of ASPR 
which deals with proprietary and patent 
rights. Small business in particular feels that 
the over zealous implementors of well in- 
tended government regulations are practicing 
illegal and confiscatory methods. 

This month in "Can DOD Seize Patent 
Rights?" we have the account of a small 
Western firm's courageous and victorious bat- 
tle against Air Force who threatened to 
remove a patent legend from company draw- 
ings. The case could well set a precedent. 

Other articles that have been published 
by Aircraft & Missiles are: 


® Vicious Procurement Practices in DOD? 
@ DOD Talks Back 
@ We Tried To Do Business With DOD 


As a result of industry-wide dissatisfac- 
tion with the Armed Services Procurement 
Regulations certain revisions have been pro- 
posed to Part 2, Section /X; Part 3, Section 
!; and Part 1, Section IX. Mr. Hugh C. 
Robbins comments on the ASPR as amended, 
7% . it is in direct conflict with the precepts 
of the Constitution. The ‘seller'—the person 
with the intelligence to create—is placed on 
the defensive by every statement in the regu- 
lation. The very creativeness the Government 
says it is trying to encourage will be com- 
pletely nullified unless the ‘creator’ is pro- 
tected without having a staff of attorneys 
constantly at his elbow..." 


The efforts of DOD to secure 
unto itself engineering data devel- 
oped by industry, has caused con- 
tractor woes for many years. But in 
recent months, even a non-contrac- 
tor has felt the confiscatory grasp 


<—- Circle 19 on Inquiry Card 


of the tentacles on the Armed Forces 
Procurement Regulations (ASPRIX). 

Robbins Aviation Inc. learned 
one day last summer that Air Force 
had seen some Robbins’ blueprints, 
and that Air Force liked what it 


Hugh C. Robbins . . . On the defensive . . .? 


saw. So much so that it intended 
to make these drawings a part of 
the bursting AF library, and that 
it intended to use the drawings as 
it saw fit. Now, throwing confiscated 
prints out to competitive bid has 
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VICIOUS PROCUREMENT PRACTICES . . . continued 


“Sometimes it pays to fight city hall" 


been practiced in the past and is 
a generally conceded fact of life 
in doing business with DOD. But 
Robbins was having none of this, 
and the small company’s president, 
Hugh Robbins, came out swinging. 
The events in the five months that 
followed prove that contrary to gen- 
eral sentiment, “it does pay to fight 
city hall.” 

Robbins became involved when 
it sold some patented, commercial 
valves to Victor Equipment Co. 
Drawings and data on the valves 
were included to aid Victor in 
receiving and inspection. Victor sub- 
sequently sold these valves to Con- 
vair, a division of General Dynam- 
ics since they met specifications on 
a Convair requirement. Convair was 
involved in a contract with Air 
Force [AF33(600)36546] which 
gave the U. S. Government un- 
limited rights to all data and draw- 
ings generated under the contract. 

The original “receiving and in- 
spection” drawings supplied by 
Robbins wound up in Air Force 
custody. And then Air Force saw 
something it didn’t like. Each of 
the drawings contained this legend: 

“Th. drawing is the property 
of Robbins Aviation, Inc. and may 
be reproduced only for use in con- 
nection with identification and in- 
spection. Patent 2917271 Patent 
Pending.” 

Then started a very interesting 
series of correspondence. Air Force 
advised Convair and Robbins (July 
19). 

“. . . The government hereby 
notifies you that delivery of the 
foregoing drawings was not in com- 
pliance with the terms of the “Data” 
clause of the above referenced con- 
tract. Accordingly, the Government 
feels free to delete the restrictive 
legend from the drawings and to 
utilize them in whatever manner is 
consistent with the Government’s 
best interest.” 
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Robbins took exception to this 
letter and wrote to Air Force (Au- 
gust 12). 

“. . . it might be well to ad- 
monish you that Robbins Aviation 
Inc. is neither a contractor nor a 
subcontractor within the provisions 
of ASPR IX, Part 2. The items 
involved (the valves) are patented 
commercial cataloged products hav- 
ing price lists that are offered and 
sold to the public in general, as 
proprietary items.” 

Robbins then advised Air Force 
it would take certain legal steps to 
reverse the decision to remove the 
restrictive legend. Air Force was 
asked to supply in ten days answers 
to the following questions so that 
Robbins might perfect its defense. 


“1. On what authority is Rob- 
bins Aviation, Inc. classified as a 
contractor or sub-contractor within 
the terms of the Act? 

2. Where does a stock and com- 
mercial item such as the product 
involved fall within the purview of 
the Act? 

3. In what manner does the 
Government intend to use the en- 
gineering drawings of Robbins Avi- 
ation, Inc.? 

4. Is it intended to appropriate 
the ‘Trade Secrets’ of Robbins 
Aviation Inc. and distribute them 
for competitive bidding among its 
competitors? 

5. Is the deletion of the restric- 
tive legend and the future utiliza- 
tion of the products by the Govern- 
ment to be done without any legal 
basis therefor? 

6. What investigation has the 
Government made to determine its 
jurisdiction to make such seizure?” 

This was a bold, almost brash, 
request. The exact answers never 
came. But the questions set Air 
Force thinking. They wanted to get 
the matter straight in their own 
minds. In a letter dated August 18, 


Air Force asked Convair to conduct 
an investigation as to the . . . “ac- 
quisition of subject drawings. Such 
drawings were furnished by Convair 
to USAF under the ‘Spare Parts 
Document Correction Sheet’? (AMC 
Form 296)...” 

Convair replied on September 
6 that the drawings were obtained 
from Victor Equipment Co. which 
granted Convair unlimited rights. 

This tossed the ball in the un- 
suspecting lap of Victor. Convair 
was convinced its own record was 
clear and hesitated to investigate 
further. 

On Air Force request, Victor 
looked into the matter and on Octo- 
ber 12, dispatched the following 
telegram to Lt. Col. David C. Yoe- 
man, USAF Staff Judge Advocate: 


"DRAWINGS PACKAGED WITH MA- 
TERIAL SUPPLIED ON ABOVE  PUR- 
CHASED ORDERS WERE FOR RECEIV- 
ING INSPECTION AND IDENTIFICATION 
"ONLY." VICTOR EQUIPMENT DOES NOT 
HAVE UNLIMITED RIGHTS TO THESE 
DRAWINGS. WE ARE DEALERS OF ROB- 
BINS PRODUCTS AS WELL AS OTHER 
PRODUCTS INCLUDING THOSE OF OUR 
OWN MANUFACTURE. WE OPERATE AS 
AN INDEPENDENT CONTRACTOR BUY- 
ING FROM ROBBINS FOR RESALE TO 
OUR CUSTOMERS." 

Then Robbins got the message 
that it wanted to hear. A message 
that will hearten many small busi- 
ness firms. Air Force retreated, on 
October 13 they wrote to Robbins. 
. . » “On the basis of the attached 
telegram, this headquarters will not 
delete the restrictive legends from 
the engineering drawings of Rob- 
bins Aviation Inc.” 

Robbins had fought City Hall 

. . and won. 


— 


A REPRINT 
of this article can be obtained by 
writing on company letterhead to 
The Editor, AIRCRAFT & MISSILES 
Chestnut & 56th Sts., Phila. 39, Pa. 


Aircraft & Missiles « 


January 1961 
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Flexible Joints for Handling 
Liquid Oxygen 
and other missile fuels 


BARCO has the specially designed flexible joint 
which has passed the official “Qualification Test”: 


—Used in piping on fueling lines handling liquid oxygen, 
5JP4 and JP5 fuel, white and red fuming nitric acid, and 
other chemicals. 


—Provides swivel motion to allow for thermal expansion 
and contraction. 


—High corrosion resistance. Other special designs available. 
For temperatures from —320°F. to +1,000°F., and higher. 
Also joints for gas and hydraulic service. 


Patent 
Pending 


(Right) 6” —180° 
flanged Barco 
Flexible Joint for use in 
fueling line handling liquid \ 
propellant. Also straight and 90° designs. 


AIRCRAFT DIVISION 


BARCO Serving Industry Since 1908 
MANUFACTURING CO., 565B Hough St., Barrington, IIlinois 
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FUSED GLASS AND METAL 
MISSILE PARTS CLEANED 
QUICKLY AND WITHOUT 
DAMAGE TO GLASS GLAZE 


with VAPOR BLAST 


liquid Honing 


Vapor Blast Liquid Honing 

process cleans metals fused 

to glass without removing 

glaze or damaging the glass. 
Yet the metal parts are 

thoroughly cleaned, burrs re- 

moved, in shortest possible time. 


Bring or send parts for test 
cleaning. No obligation. 


*Liquid Honing and Vapor 
Blast are trademarks. 


VAPOR BLAST 


MFG. CO. 
3035 W. Atkinson Ave. 
Milwaukee 16, Wis. 
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— SOLID-STATE POWER INVERTERS, — 
over 260,000 logged operational hours— 


pes cay 


voltage-regulated, frequency-coatrolled, 
for missile, telemeter, ground support, 
135°C all-silicon units available now— 


Interelectronics all-silicon thyratron-like gat- 
ing elements and cubic-grain toroidal magnetic 
components convert DC to any desired number 
of AC or DC outputs from 1 to 10,000 watts. 


Ultra-reliable in operation (over 260,000 
logged hours), no moving parts, unharmed by 
shorting output or reversing input polarity. 
High conversion efficiency (to 92%, including 
voltage regulation by Interelectronics patented 
reflex high-efficiency magnetic amplifier cir- 
cuitry.) 


Light weight (to 6 watts/oz.), compact (to 
8 watts/cu. in.), low ripple (to 0.01 mv. p-p), 
excellent voltage regulation (to 0.1%), precise 
frequency control (to 0.2% with Interelectronics 
extreme environment magnetostrictive stand- 
ards or to 0.0001% with fork or piezoelectric 
standards.) 


Complies with MIL specs. for shock (100G 
11 misc.), acceleration (100G 15 min.), vibra- 
tion (100G 5 to 5,000 cps.), temperature (to 
150 degrees C), RF noise (1-26600). 


AC single and polyphase units supply sine 
waveform output (to 2% harmonics), will 
deliver up to ten times rated line current into 
@ short circuit or actuate MIL type magnetic 
circuit breakers or fuses, will start gyros and 
motors with starting current surges up to ten 
times normal operating line current. 


Now in use in major missiles, powering 
telemeter transmitters, radar beacons, elec- 
tronic equipment. Single and polyphase units 
now power airborne and marine missile gyros, 
synchros, servos, magnetic amplifiers. 


Interelectronics—first and most experienced 
in the solid-state power supply field produces 
its own all-silicon solid-state gating elements, 
all high flux density magnetic components, 
high temperature ultra-reliable film capacitors 
and components, has complete facilities and 
know how—has designed and delivered more 
working KVA than any other firm! 


For complete engineering data, write Inter- 
electronics today, or call LUdlow 4-6200 in 
New York. 


INTERELECTRONICS CORP. 
2432 Gr. Concourse, N. Y. 58, N. Y. 
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Britains Role In Space 


Hawker Siddeley suggests global satellite-communications; 
Effort would sustain Britain's aerospace technology 


By Ronald A. Cole 


It is impossible for the British 
to undertake space exploration on 
a scale comparable to that of larger 
nations. But it is possible for them 
to make worthwhile contributions. 

In the past, the small nations 
have shown the ability to produce 
advanced ideas and hardware. Ex- 
amples of nuclear weapons, high- 
speed aircraft and advanced elec- 
tronic devices have proved this 
point. Working on a small budget 
inevitably means a time lag behind 
the wealthier nations, but it does 
not influence the quality of the 
product. 

3ritain has a large industry and 
export market based on communi- 


cations equipment. This background 
would be a logical one to utilize for 
research in global communications 
via satellites. 

When work on the Blue Streak 
IRBM was halted in favor of the 
Douglas Skybolt, all active design 
and development work on large 
rockets ceased. During the past 
months the program has been kept 
turning over at a very slow pace, 
purely it seems to provide test data. 
Although the missile has never been 
launched it has shown sufficient 
promise for use as the first stage of 
a satellite carrier. Calculations in- 
dicate that the Blue Streak com- 
pounded with a Black Knight second 
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stage, plus a small third stage could 
orbit satellites weighing up to 800 
Ib in a 300 mi orbit. 

It is the contention of the 
Hawker Siddeley combine that the 
government should provide funds 
for the continuation of the project 
along these lines. Such a program 
would make profitable use of the 
money already spent on these two 
missiles. 

Working on the basis of the 
Blue Streak/Black Knight combina- 
tions, Dr. Hilton of the Hawker 
Siddeley Astronautics section has 
projected a scheme for the placing 
of three satellites in an orbit in- 
clined at 63 deg to the equator. 

Satellite communication system 
should be used to supplement the 
existing cable system rather than 
replace it. At the same time, it 
would eliminate the need for the 
projected around - the - world cable 
which is estimated to cost about 
$250 million. 

For optimum usefulness, satel- 
lite orbits would be timed to coin- 
cide with peak traffic loading. Most 
of the world’s telephones are in the 
hemisphere including Europe and 
N. America. Due to the time dif- 
ference between these two land 
masses, traffic is heaviest in the 
British afternoon. Taken generally 
around the Earth, the communica- 
tion peaks follow the sun. 

Because the satellite would be 
doing most useful work while it ap- 
proaches and recedes from its 
apogee, the best arrangement would 
have the elliptic orbit pointing to- 
ward the sun. Inertia would main- 
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tain the ellipse in one direction only 
while the earth makes its annual 
circuit of the sun. Theoretically, 
the orbit would not maintain a di- 
rection towards the sun. However, 
the equatorial bulge perturbs orbits 
by rotating the orbit plane and axis. 
By judicious choice of orbit, it 
would be possible to use the 
perturbation to rotate the orbit once 
a year and maintain a direction to- 
wards the sun. 

In an equatorial orbit with a 
perigee height of 300 mi the satel- 
lite would make 4.67 orbits a day 
if the exact annual perturbation is 
to be experienced. This corresponds 
to 14 orbits in 3 days and if 3 
satellites were orbited at one-day 
intervals, a daily routine of having 
one in the area needed would re- 
sult. The other two on their time 
off from N. America duty would 
give adequate coverage on the dark 
side of the Earth. It would also be 
possible to use them for a link over 
very long distances although they 
may be below the radio horizon. 
This could be done either from one 
satellite to the other or using a 
ground station at an intermediate 
point. 

Some financial reward may be 
gained by leasing satellite capacity 
to countries that can make use of 
them during the dark hours. 

To make such a project worth- 
while 100 telephone channels for 
both ingoing and outgoing calls 
would be necessary. A power of 1 
watt per channel would be adequate, 
so a total of 200 watts of power 
would have to be available. Addi- 
tional power would be needed for 
other uses on the satellite, and pos- 
sibly as much as 500 watts would 
have to be provided by solar cells. 
These could be built into a reflector 
dish arrangement capable of giving 
a signal strength gain of 10 decibels. 

To maintain the vehicle at a 
constant attitude relative to the 
Earth, infrared horizon seekers 
would be used. An _ electrically- 
driven flywheel unit could provide 
the necessary turning force to cor- 
rect small deviations from align- 
ment. Assuming that it were ulti- 
mately possible to develop equip- 
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ment having a 20-year life, then 
satellite communication could allow 
trans-atlantic calls at one-twentieth 
of their present cost. A more limited 
life would have to be expected from 
the first generation of communica- 
tion satellites, and it would be 
necessary to replace them periodi- 
cally. Space activity of this nature 
would provide the nucleus of an 
industry which could grow progres- 
sively in the next decade, in prepar- 
ation for the greater undertakings of 
the future. + 
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Plastic Chain Frame 


“Chain Frame” plastic structure 
is made from filament wound sec- 
tions. Pre-stressed member has ex- 
ceptionally high strength to weight 
ratio. Structural frames and chan- 
nels of different shapes can be de- 
signed to special requirements. 
Chain Frame concept employs resin- 
impregnated reinforcement filaments 
which are pre-stressed along pre- 
determined patterns to give desired 
strength property. Certain portions 


of the reinforcement filaments are 
given a longitudinal pattern. Others 
are designed into a “chain” pattern 
that interlocks the structure.—B. F. 


Goodrich Aviation Products. 
Circle 50 on postcard for more data 


Anti-Flame Phenolic 

“Insurok T-777” is a_ paper- 
base, phenolic laminate. It has ex- 
ceptional flame-retardant character- 
istics. Availability of copper-clad 
or non-clad types is immediate. The 
laminate rates as “self-extinguish- 
ing with zero inches burning dis- 
tance.” T-777 possesses good elec- 
trical properties, fine dimensional 
stability and punching qualities.— 
Richardson Co. 


Circle 51 on postcard for more data 
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New Materials 


Cushion For Propellants 


Fibrous glass materials molded 
into pads can provide a cushion 
for solid propellant combustion 
chambers. As the solid propellant 
grain expands in warm weather the 
material (VIBRA mat) absorbs the 


Ri al 


expansion, keeping the grain intact 
and not permitting it to crack. As 
the propellant contracts in cold 
weather, the padding expands, elim- 
inating looseness which would lead 
to vibration cracking. Spring rate 
is controlled by varying the density. 
Typical stiffness in a medium den- 
sity produces a load of 25 psi at 50 
per cent deflection.—Fibrous Glass 
Products Inc. 


Circle 52 on postcard for more data 


Polycarbonate Plastics 


Lexan polycarbonate resin is a 
transparent thermoplastic with good 
impact resistance and dimensional 
stability. It has good electrical 
properties, resists staining, humidity 
and many chemicals. Currently in 
use in over 300 commercial appli- 
cations, it is expected to be in in- 
creasing demand in aerospace in- 
dustries. Electrical and electronic 
applications are major fields of ex- 
pansion.—General Electric. 


Circle 53 on postcard for more data 
continued on page 74 
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a flexible, dynamic approach 
to propulsion and ordnance 


Amcel is an organization of specialists and special 
facilities, dedicated to second generation exploration 
and innovation in the fields of propellants, explosives, and 


,related technologies. It is fully staffed and equipped for 


independent and contracted research and development 
programs, and pilot production. 


Amcel facilities offer the efficiency of complete inte- 
gration—a 1300-acre site that accommodates labora- 
tories, static and flight test range, manufacturing and 
administration. This close departmental liaison helps to 


shorten lead time between concept and delivery. 


Amcel is a subsidiary of Celanese Corporation of 
America. It is backed by the extensive research and 
production capabilities of this pioneer producer of organic 
chemicals, plastics and synthetic fibers. 


Advanced ideas and new approaches to special prob- 
lems are Amcel’s business. Please write for a descriptive 
brochure outlining our capabilities in: 


RESEARCH... DEVELOPMENT... PRODUCTION 


Propellants 
High Energy Chemicals 
Special Explosives 
Explosive Devices 
Tactical Missiles 
Propulsion Systems 


Amcel rrorutsion, inc. 


DEPT. 311, ASHEVILLE, NORTH CAROLINA 


A Subsidiary of Celanese Corporation of America 


ENGINEERS — SCIENTISTS: If you are interested in helping solve 
the complex and intriguing problems in the development of advanced 
propulsion systems, high energy conversion, and related technologies, 
we would like to talk to you. Please cal/ or write Mr. T. W. Jameson. 
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TOTAL TEMPERATURE PROBES 
| PITOT-STAT | TUBES _ 


= MODEL 85 


ILLUSTRATED MODELS 


MODEL 850 Meets 
Mach 3 requirements 
of MIL-P-25757A 
(USAF). 

MODEL 103 Mach 5 
total temperature 
probe can be used 


> to temperatures 
Pl of 1500 C°. 


== 

= - MODEL 101 Mach 3 
4H Mor = total temperature 
_— = probe. Meets 


z ‘ = requirements of 


- MIL-P-25726 
2, (USAF). 


| MODEL 102 Mach 3 
Deiced total 


temperature probe. 
( Accurately measures 
Al total temperature 
° during deicing. 


4) > Write for 
= - oe Short Form Catalog 
No. 66030 


lay ROSEMOUNT 
a (?)] ENGINEERING 
a JB COMPANY 


4912 West 78th St. 


Minneapolis 24, Minn, 
Circle 25 on Inquiry Card 


Pa |/STurTevanT /co. 
ADDISON [QUALITY] /LLINOIS 
BOP cesta nota aMmsearceD) 
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“TORQUE WRENCH" 


MANUAL 


UPON REQUEST 
Formulas 2 


Applications 
Engineering Data 
Screw Torque Data 
Adapter Problems 
General Principles 


Circle 26 on Inquiry Card 


Graphite has been useful in aircraft and missile 


problem-solving as a component material in rocket 


What 


motors, in brazing fixtures for airframe construc- 


tion, and in other refractory applications. 


more 
do you want 


to do for you 


Further and more advanced 
uses of graphite in space age 
progress may well be develop- 
ing now as part of your design 
engineering program. We 
would welcome the opportunity 
of having our engineers, 
technicians and production 
personnel assist you in these 
developments. 


For an introduction to the excellence of GLC 


graphite — and to one of the world’s outstanding 
graphite producers — write for a free copy of our 
illustrated brochure, “Graphite For Diversified In- 
dustrial Applications”. 


GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK 17, N.Y. OFFICES IN PRINCIPAL CITIES 


74 Circle 27 on Inquiry Card 


oe 


New 
Materials 


. . continued 


Solid-Solution Alloy 


Molybdenum - tungsten alloy 
powders, have been developed for 
production of true solid-solution 
alloy products. Alloy powders are 
produced by hydrogen reduction of 
the oxides or ammonium com- 
pounds of molybdenum and tung- 
sten. 

Two grade series, MA-28 and 
MA-39, are offered. Each grade 
will be supplied in three different 
percentage compositions, although 
any desired composition can be pro- 
duced since molybdenum and tung- 
sten form a continuous series of 
solid solutions.—Sylvania Electric 


Products. 
Circle 54 on postcard for more data 


For Faster Brazing 


Silver brazing filler metal with a 
flux core allows faster and easier 
brazing. Designated Aircosil Flux- 
cor 45, the material assures the 
correct amount of flux for the size 
of the brazing alloy used. The alloy 
composition is available in approxi- 
mately 70 to 80 oz. coils of 3/64 
in. equivalent size. Equivalent size 
indicates the amount of silver alloy 
available in the composite, ex- 
presses as a solid wire. Shelf-life is 
good.—Air Reduction Co., Inc. 


Circle 55 on postcard for more data 


Lubricant For 750°F 


Surf-Kote L-1020 is a new hi- 
temp, hi-pressure lubricant. It con- 
tains a modified molybdenum disul- 
fide compound and other additives 
suspended in a synthetic based ve- 
hicle. The vehicle evaporates and 
leaves a durable dry film of solid 
lubricating compound on most metal 
surfaces, preventing friction prob- 
lems up to 750°F. The lubricant 
can be applied directly to load-bear- 
ing surfaces or through grease cups 
and zerk fittings——Hohman Plating 
& Mfg. Co. 


Circle 56 on postcard for more data 
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Gold Recovery Unit 


A process for recovering gold 
lost in electroplating is available. 
Until now, between 4 and 10 per 
cent of all gold used in electro- 
plating has “gone down the drain,” 
according to developer of process. 
The loss runs to millions of dollars 
a year. 

The recovery system is called 
Gold Saver. It consists of: 

® A column of special resin, 
small “BB” size particles, which 
capture gold in solution that now is 
being lost. 

@ A pump forcirculating 
through the resin column the water 
in which the gold is dissolved. — 
Technic Inc. 


Circle 58 on posteard for more data 


Guidance Materials 


Special hot-pressed  infrared- 
transmitting optical materials can be 
used under the temperatures and 
stresses. One material has retained 
infrared transmittance for an hour 
at temperatures of 1800°F. Infrared 
transmittance of a number of the 
new materials is unaffected by long 
exposure to 1300°F. 

Called Irtran, the optical ma- 
terials can be selected to cover a 
wide range of infrared radiation and 
even radar waves. They are valu- 
able for systems that use a target- 
hunting combination of radar and 
infrared.—Eastman Kodak Co. 


Circle 59 on postcard for more data 


Silicone-Resin Paper 


An asbestos and silicone resin 
paper contains no organic binders. 
It is suitable for operation at Class 
C temperatures (over 180°C). 

Electrical properties are not im- 
paired by exposure to 275°C for 
450 hrs. Although temperature 
limitations of this paper are deter- 
mined by the resin used, the as- 
bestos itself is satisfactory for ap- 
plications requiring resistance to 
considerably higher temperatures. 

The paper, Style +7601S, is 
available in gauges from 0.0025 to 
0.0065 in. Based upon a gauge of 
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5.5 mile, the paper weighs 26 
pounds per 100 square yards. The 
concentration of the silicone resin 
impregnation is approximately 60 
per cent.—Raybestos-Manhattan. 


Circle 57 on postcard for more data 


Titanium Diboride 


Titanium diboride shapes of 
higher strength, size, and purity are 
the result of a new manufacturing 
process. The process reduces the 
oxides of titanium and boron, and 
produces a very fine high-purity 
powder that is then fabricated into 
various shapes. Cylinders with 14 
in. diam, 10 in. length, and weigh- 
ing 260 Ib. have been produced. 

Titanium diboride resists oxida- 
tion at temperature as high as 
1000°C, and has a relatively low 
oxidation rate even at 1400°C. The 
material has an elastic modulus of 
60 x 10° from 25 through 2000°C. 
Its coefficient of thermal expansion 
is 2.5 x 10° cm/cm from 25 to 
200°C and 8.1 x 10° cm/cm from 
25 to 1300°C.—National Carbon 
Co. 


Circle 60 on postcard for more data 


Aidco 66 


All purpose cleaner can remove 
and emulsify all types of aliphatic 
hydrocarbon oils and greases. In 
addition, germicidal ingredient con- 
trols bacteria and removes and pre- 
vents odor. Called Aidco 66, it is 
currently used by nuclear research 
and radiation laboratories in en- 
vironmental-controlled areas which 
require critical cleanliness.—Alloy 


Industries Development Corp. 
Circle 61 on postcard for more data 


Brazing Compound 


High temperature brazing com- 
pound withstands environments up 
to 1800°C. This new alloy is par- 
ticularly suitable for joining po- 
rous, refractory metals, such as 
tungsten, molybdenum, or tantalum, 
to solid materials without infiltra- 
tion of the permeable material. Fu- 
ture uses: high temperature joints 
in refractory materials, thermionic 


a 
ye eee 


converters, electronic components. 
—Electro-optical Systems Inc. 


Circle 62 on postcard for more data 


Corrugated Core 


Trussgrid is a honeycomb core 
designed to expand uses of sandwich 
panel construction. 

Fabricated of aluminum alloy 
5052, Trussgrid makes use of cross- 
laminated layers of corrugated foil. 
Corrugations of each layer form a 
90 deg angle with those of its neigh- 
bor. Thus channels in alternate lay- 
ers of foil run in the same direction, 
providing strength and rigidity in 
three planes.—General Grid Corp. 


Circle 63 on postcard for more data 


New Epoxies 


Epoxidized polyolefin resins 
called Oxiron are now available in 
drum quantities. Resins were intro- 
duced early in year. They differ 
from conventional epoxies in molec- 
ular structure, reactivity, and end 
properties, and are being examined 
for new applications in the fields 
of laminates, castings, adhesives, 
and surface coatings. Their proper- 
ties and economies give promise of 
penetration of a number of major 
application areas not previously 
open to epoxy resins.—Food Ma- 
chinery & Chemical Corp. 


Circle 64 on postcard for more dats 


Electrical Insulator 


Epoxy glass insulating material 
called “Irvington No. 2525” retains 
high dielectric strength and flexibil- 
ity under continuous Class F tem- 
peratures. The material is com- 
patible with all Class F magnet 
wires, “Scotchcast” electrical resins 
and most other epoxy systems. 

It is flexible, confirms snugly on 
application and does not discolor 
after heat aging. 

Availability: slit tapes, sheets or 
full 36-in. widths in thicknesses of 
0.003, 0.007, and 0.010 in.—Min- 
nesota Mining & Mfg. Co. 


Circle 65 on postcard for more data 


continued on next page 
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SILICONE NEWS from Dow Corning 


: 


FLEXIBLE AND SHEATHED THERMOCOUPLES 
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By Jupiter... 
it’s reliable! 


Reliable . . . that one word sums up 
the record established by the Army’s 
Jupiter and the performance of 
Silastic®, the Dow Corning silicone 
rubber is part of that record. 


Rubber ducts must not crack even 
though frozen hard and brittle by 
liquid nitrogen. Access door seals 
must remain a rubbery seal despite 
high skin temperatures. Rubber parts 
must be “ready-to-go” even after long 
storage without signs of aging cracks. 
Chrysler Missile Division engineers 
specified Silastic to help keep the 
Jupiter ready . . . Silastic, flexible 
from —130 to 500F and ageless 
in storage. 


Photo courtesy Chrysler Missiles Division 


Write to 
Dept. 0313 for 
information 


oe Dow Corning CORPORATION 
A 4 MIDLAND. MICHIGAN 
Circle 28 on Inquiry Card 
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CON-0-PAK 
THERMOCOUPLES 


FROM -300°F 
TO 4000° PLUS 


The world's finest thermocouples. 
New process increases precision 
and temperature range. Exceeds 

' all military and commercial 


specs. Con-O-Pak is used in 
a altesaft, missiles, nucleonics, 
oe ek chemical processing. 
Usefuldata? ... Ask for 
“The ©on-O-Pak Story.” 


SENSING INC. 
Park. iMlinois 


CONTINENTAL 
‘1950 N. Ruby St, M 


ae es 


Circle 29 on Inquiry Card 
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+ THERMOCOUPLE WIRE - HEATING ELEMENTS - CONNECTORS 


... continued 


Graphite Felts 


Non-woven forms of flexible 
graphite and carbon are produced 
by the same process as graphite 
cloth. The diameter of the filaments 
in these products is about 0.003 
inch. Insulation, gas filtration, and 
gasketing are some of the expected 
uses of these new, high-temperature, 
flexible materials. Oxidation in air 
is not a problem up to 650-700°F. 
In neutral and reducing atmos- 
pheres, all these felts can be used at 
temperatures up to about 5000°F. 
—National Carbon Co. 


Circle 66 on postcard for more data 


Glass Fiber 

A glass fiber possessing approxi- 
mately 50 per cent greater rigidity 
with no sacrifice in strength has 
been developed for the Air Force. 

Known as “High Modulus 
Glass,” the new fiber will permit im- 
portant weight savings in the de- 
velopment of aerospace vehicles and 
missiles through its use as a rein- 
forcement in structural plastic lam- 
inates. — Owens-Corning Fiberglas 
Corp. 


Circle 67 on postcard for more data 


Stable Epoxy 


Unox epoxides, with cyloali- 
phatic structures, eliminate the 
light-unstable phenolic groups found 
in conventional epoxies based on 
epichlorhydrin and bisphenol A. 
Unox 201 is the most versatile of 
the new family of diepoxides. It 
can be formulated to give a wide 
range of high temperature proper- 
ties, toughness, cure speeds, and 
handling characteristics. Its proper- 
ties point to end uses in electrical 
and electronic components and en- 
capsulation, tooling coatings, lami- 
nates, adhesives, and cross-linking 
applications.—Union Carbide 
Chemical Co. 


Circle 68 on postcard for more data 
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Stripping Agent 

Epoxy and polyester-based coat- 
ings are easily removed with a new 
gelatinous self-activating stripping 
agent. This adheres to all surfaces 
—contoured or vertical. It is par- 
ticularly useful for removing com- 
mercial paints, or resin-based coat- 
ings and materials from large-area 
surfaces. It will not corrode, dis- 
color, or damage copper, aluminum, 
or ferrous metals—Narmco Mate- 


rials Div., Narmco Industries. 
Circle 69 on postcard for more data 


Stops Engine Fires 


Bromochlorodifluoromethane is 
a liquid useful as a fire extinguisher. 
It is particularly effective against 
fire in aircraft engine or fires result- 
ing from escaping lubricants or hy- 
draulic fluid. The substance is a 
methane compound (CH,) in which 
bromine is substitute for one of the 
hydrogen atoms, chlorine for an- 
other, and fluorine for the remain- 
ing two. 

Carbon tetrachloride is a close 
relation. The methane compound 
isn’t nearly as poisonous as its 
cousin, however. It is about twice 
as heavy as water. Because of its 
low boiling point, 27.5°F, it must 
be kept under pressure.—Firestone 
Tire & Rubber Co. 


Circle 70 on postcard for more data 


Semiconductor Stock 


Clad-metal raw materials and 
stampings for semiconductors are 
now offered. They consist of an 
overlay of a low-melting point 
solder such as tin, tin-antimony or 
lead-tin-antimony clad on one or 
both sides of a base material such 
as ‘A’ Nickel, Nickel-iron, Kover, 
copper, gold or silver. Raw mate- 
rials can be supplied in 2 in. max 
widths, with a minimum overall 
thickness of 0.001 in. Thickness 
tolerance can be held as close as 
plus or mininum 0.002 in. Stamp- 
ings using this new raw material 
can also be supplied. — Accurate 
Specialties Co. 


Circle 71 on postcard for more data 
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Epoxy Film Adhesive 


New high strength supported 
epoxy resin film adhesive is called 
AF-106. It claims design and cost- 
saving advantages for the economi- 
cal bonding of metal and paper 
honeycomb cores to metal facings 
in sandwich construction. 

The adhesive provides metal-to- 
metal bonds, with shear strengths 
of over 2000 psi at 75°F, maintains 
high strength over a service tem- 
perature range of minus 67°F to 
plus 300°F and has good peel 
strength. It has high creep resistance 
under constant stress and resists 
water, 20 per cent salt spray, hy- 
draulic oil and aromatic fuel.— 
Minnesota Mining and Mfg. Co. 


Circle 72 on postcard for more data 


Lubricant For 2200°F 


Phosphatherm RN is a metal- 
forming lubricant. It is intended for 
use at temperatures between 1100 
and 2200°F. The lubricant pre- 
vents galling, scoring and metal 
pickup when forming most types of 
common steels, steel and copper al- 
loys and the exotic metals at ele- 
vated temperature. It is an eutec- 
toid, a gradually-softening mixture 
of certain phosphates and other 
salts. On surfaces of 400°F, it 
forms an adherent, spreading, melt 
having excellent lubricity on both 
forming tools and materials being 
formed, especially alloy steels.— 
Alpha-Molykote Corp. 


Circle 73 on postcard for more data 


Anti-Rust Powder 


Rusting can be prevented in 
storage without dismantling metal 
parts. Protection is provided by a 
slow vaporization of an Anti-Rust 
Powder. Powder is applied with 
squeeze-bottle through any con- 
venient opening to a part’s interior 
—for example, the spark plug port 
in an engine. Plug is removed. 
Powder is puffed in. Plug is re- 
placed.—Westmore Inc. 


Circle 74 on postcard for more data 


SEELSKREWS 
SEELBOLTS 
SEELRIVITS 


High Pressure 
Self-Sealing 


FASTENERS. 
Y, 


O-RING 


SEELRIVIT 


© Removable and static self-seal- 
ing screws, bolts and rivets. 


e These industrial fasteners 
meet all applicable military 
specifications. 


SEND FOR CATALOG 359-A-27 
describing items above, also seals for 
switches, shafts, circuit breakers, in- 
dicator lights and other electronic 
components. 

*TRADE MARK 


A.P.M. Corporation 
@ 252 Hawthorne Ave., Yonkers, N.Y. 


YOnkers 8-2010 


Designers and Manufacturers of 
HIGH PRESSURE STATIC AND MOVABLE SEALS 
Hexseals* * Seelskrews” * Seelbolts* * Seelrivits* 


Circle 30 on Inquiry Card 
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Cooling Units 


Compact, lightweight, airborne 
cooling units, like that produced for 
the Eagle missile, are being de- 
veloped for other than airborne ap- 
plication. The Eagle missile cool- 
ing unit is designed for cooling the 


missile’s guidance system Klystron 
amplifiers. This small unit has a 
nominal heat dissipation rate of 
9375 watts. Other airborne liquid- 
to-air heat transfer systems, which 
are being developed for GSE appli- 
cations, have cooling capacities of 
from 100 to 10,000 watts with oper- 
ating temperatures in the —65° to 
250° range.—Lear Inc. 


Circle 75 on postcard for more data 


Relief Valves 

Two newly developed valves are 
constructed to control pressures gen- 
erated by hot propellant gases. 

Seal V-4000 uses a gas reference 
pressure for relief pressure control. 
This unique design feature permits 
ready adjustment of relief setting 
from a remote source—particularly 
useful feature in test cell applica- 
tions. Relief pressure capabilities 
range from 10 to 1500 psi with tem- 
peratures to 2200°F. Seal V-4001 
is recommended for operational 
rocket - missile applications. The 
valve features an external spring 
which permits rapid dissipation of 
heat to eliminate cracking pressure 
variation.—Microporous Filter Div., 
Circle Seal Development Corp. 


Circle 76 on postcard for more data 
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Battery Incorporates 
Internal Heating 

Silver-zinc battery is the first of 
its type to incorporate successfully 
an internal chemical heating device. 

Chemical heating makes it pos- 
sible to increase the reliability and 
effectiveness of some weapons and 
missiles because, for the first time, 
battery power can be used in them. 
The chemically-heated ESB primary 
unit delivers an average of 10 to 
122 watt-hr per Ib, including heat- 
ing device. 

Capable of quick power delivery 
in ambient temperatures as low as 
minus 65°F, the battery is heated 
when electrical matches automati- 
cally ignite chemical powder to 
warm the electrolyte.-—Missile Bat- 
tery Div., The Electric Storage 
Battery Co. 


Circle 77 on postcard for more data 


B-70 Turbine Wheel 


Sheet metal turbine buckets re- 
portedly cut costs and weight of 
small turbine wheels by more than 


SS rrr. 


50 per cent. They are used in two 
new highly-advanced turbine-pow- 
ered fuel pumps. The pumps go 
into the J93-3 jet engine, scheduled 
to power the North American B-70. 
—General Electric. 


Cirele 78 on postcard for more data 


-New Parts and Components 


Films X-15 Flights 


Two of the smallest cameras 
ever designed for extreme high per- 
formance film X-15 stress changes 
and wing surface movements. 
Mounted on each side within the 
fuselage and actuated by a cockpit 
switch, cameras photograph through 
a tiny porthole recording on 16mm 
film. Pulse-cine device takes a pre- 
determined number of frames per 
second to record the minutest 


St a 
al 
| 


changes. Cameras are only seven 
inches long by four inches wide 
and weigh eight Ib apiece. 
Future use: a wide variety of 
aircraft, satellite, rocket and missile 
applications.—Vought Camera Co. 
Circle 79 on posteard for more data 


1200°F Bolting 

New bolt series, designated 
EWB 1218, has 39 per cent greater 
tensile strength and 54 per cent 
higher stress rupture strength than 
current elevated temperature bolting 
used in the 900-1200°F application 
range. The bolts are intended for 
applications where standard 1200- 
degree bolting made of A-286 alloy 
is currently used. They are made by 
special processing techniques from 
U-212 material, an iron-base alloy 
similar to A-286 with additional 
alloying for improved properties.— 
Standard Pressed Steel Co. 


Circle 80 on posteard for more data 
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Cryogenic System 
Miniature cryogenic electronic 


cooling system uses nitrogen to pro- 


vide one watt of refrigeration at 
80°K. 


Unit consists of a compressor 
with an absorber filter, and a remote 
refrigerating element that is con- 
nected to the compressor by flexible 
lines. Both a 400 cycle, 208 volt, 
3 phase unit for airborne use and a 
60 cycle, 115 volt, single phase unit 
are available. This self contained 
system weighs 16 lb.—Air Products 


Inc. 
Circle 81 on postcard for more data 


Fluid Reservoir 


New series of self-pressurizing 
hydraulic fluid reservoirs are in the 
form of airless containers operated 


oe 


by system pressure. Airless system 
feature offers freedom from foaming 
and fluid ox‘dation, while providing 
positive pump supercharge pressure, 
regardless of the attitude of the mis- 


sile or space vehicle-—Vickers Inc. 
Circle 82 on postcard for more data 


Filaments and Boats 


New complete line of tungsten, 
tantalum and molybdenum filaments 
and boats are now available. All 
parts are stress-relieved to obtain 
the longest possible life in operation, 
and to maintain their geometry dur- 
ing use. Primary uses for these fila- 
ments and boats include: electronic 
component processing, coating of 
optics, plastics and toy decorative 
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coating, precision instrumentation 
manufacturing, vacuum metalizing 
in basic research laboratories.— 
Electronics Div., Allen-Jones Inc. 


Circle 83 on postcard for more data 


Aluminum Connectors 


Aircraft cable connectors are of 
high purity aluminum with cold- 
forged construction. They have a 
long gripping area that holes the 


conductor to 95% of its rated 
strength, and electro tin-plated sur- 


faces throughout. Connectors have 
withstood tests of up to 100 
hours in salt fog atmosphere.—The 
Thomas & Betts Co. 


Circle 84 on postcard for more data 


Heat Radiator 


Heat radiator for earth satellite 
and interplanetary space vehicles has 
been demonstrated publicly. 

Device, designed to overcome 
the problem of getting rid of waste 
heat which will be generated in 
nuclear-powered space vehicles, is 
known as a moving belt radiator. 
It is lighter by two-thirds than con- 
ventional tube and fin radiators. 


Twin belts coat in jem the waste 
heat rejection core, move continu- 
ally, picking up the heat from the 
outer surface of the core and radiat- 
ing it from the surfaces of the belts 
as they rotate in space. At launch 
the belt would be wrapped around 
the generating assembly and en- 
closed in a disposable aerodynamic 
shield.—Rocketdyne. 


Circle 85 on posteard for more data 
continued on next page 
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example... 


COMPOSITE 
MOLDED 
INSULATION 
AT 
WORK 


Minimum erosion and ablation resist- 
ance are needed in exit areas to resist 
over 5000° F. and high velocities. 
Excellent results were achieved with 
Fiberite MX 2630 and MX 2630A. 
The mechanical strength and thermal 
insulation were provided by Fiberite 
MX 2625 with 2630 giving the ablation 
resistance. By molding these two for- 
mulations into a composite structure 
a superior insulation was developed. 

Fiberite compression molded high 
temperature insulating materials are 
designed for MIL-M-19536 applica- 
tions: chopped fiber impregnated 
phenolic with special reinforcement 
materials, i.e., fiberglass, graphite 
cloth, ceramic and quartz. Fiberite 
insulation is specified in the Lar, Bull 
Pup, Polaris, Minute Man, Nike Zeus, 
Red Eye and many others. 


EXPLORE FIBERITE 


Missile engineers will find our research 
helpful in solving problems requiring 
materials for special performance. 
Write factory for bulletin ‘Fiberite 
High Temperature Insulating 
M@erials.” 


meat 


CORPORATION 
Dept. AM-! 
510-520 West 4th Street 
Winona, Minnesota 


Circle 32 on Inquiry Card 


New Parts 
and 
Components 


. continued 


Pressure Transducers 


Two new pressure transducers 
feature precycled, preestablished, 
standardized operation in tempera- 
ture environments ranging from 


—100°F to +600°F. They operate 
in these temperatures during shocks 
exceeding 100g for 11 milliseconds 
in any direction.—Electro-Mechani- 
cal Research Inc. 


Circle 86 on postcard for more data 


Ball Valves 


Liquid hydrogen ball valves with 
unusually low cool-down weight are 
for use in rocket engine develop- 
ment. 

Ranging in size from % to 8 
inch diameters, the valves are en- 
cased in welded stainless steel vac- 
uum jackets to insulate the valve 
body from the surrounding air. This 
minimizes heat transfer from the 
surrounding air, eliminating liquid 
hydrogen _ boil - off. — Hydromatics 
Inc. 

Circle 87 on postcard for more data 
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contaminants 


4 * off 
“FAST! 
e 
HAWS SAFETY SHOWERS 
send torrents of rushing water 


from all angles — washing away 
dangerous irritants in a hurry! 


Slap open the conspicuous “Push 
to Operate” valve. Hard-running 
streams from 10 adjustable noz- 
zles drench victims in seconds. 


You can depend on HAWS for 
the instant, positive first aid so 
vital until medical help arrives. 


This “Safety on tap” can mean 
the difference between temporary 
irritation and permanent injury. 
Get the facts! Write for HAWS 
new safety catalog. Do it today! 


Valve shown 
three-quarters 
open. 


a product of 


HAWS DRINKING FAUCET COMPANY 
1443 Fourth Street * Serkeley 10, California 


19 Columbus Avenue 
Export Dept. c-. Francisco 11, California, U.S.A. 


Circle 33 on Inquiry Card 
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ACCURATE 
ANGULAR INDEXING t 
Ya SECOND OF ARC wit 


MILICHE, 


ROTARY INDEXING 
TABLES 


Designed to provide indexing 
accuracies of 4 second of arc, 
Milichex tables are available 
in many models and combina- 
tions to fit almost any need, 
including angular indexing 
to minutes and seconds. 
(1,296,000 positive settings 
within a full circle.) ‘“Labora- 
tory” accuracy to within 12- 
millionths of an inch at a 20 
inch diameter is possible. 


This Model M2X-900 Mili- 
chex allows quick setting to 
any full or fractional angle 
in 44 degree increments on a 
production basis. Operator 
merely sets tables to two 
marks. They automatically 
lock into correct setting. 


All Milichex models are flat 
and parallel within 0.000050 
inches and provided with 
numerous threaded holes for 
easy mounting of workpiece or 
fixtures. Milichex tables can 
be used also for checking 
roundness or concentricity 
within 10-millionths. 

For details write for Bulletin 
X-60 


age’. MICHIGAN 
“D> toot co. 


é DETROIT 12, MICHIGAN 
Circle 34 on Inquiry Card 
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Low Pass Filters 


Miniaturized coaxial low pass 
filters are obtainable from 125 to 
4000MC. They feature low inser- 


tion loss and VSWR in the pass | 


band and more than adequate rejec- 
tion in the stop band. 

This new design permits con- 
struction of low frequency filters 


which are extremely compact, a | 


125m cut-off filter with type BNC 
connectors is only 5.8 inches long 
and weighs 2.8 ounces.—Maury & 
Assoc. 


Circle 88 on postcard for more data 


Fluid Coupling 

Quick-disconnect fluid coupling 
has self-sealing features. This as- 
sures zero leakage and no air in- 
clusion or other contamination dur- 
ing connect-disconnect. 


The new 


disconnect features positive, push- 
pull lock that may be operated 


with one hand or with remote con- | 


trol mechanical or electromechanical 
devices. After disconnect, no seals 
are exposed, and the coupling valve 
maintains full pressure of 4000 psi. 
—Symetrics Inc. 


Circle 89 on postcard for more data 


New Filter Cuts 
Decontamination Costs 


Electronic oil filter is designed | 


to meet the exacting requirements 
of advanced missile systems. It is 
designed for use in decontaminating 
hydraulic test stands, aircraft hy- 
draulic systems, missile and rocket 
systems and transformer oils. 

Field tests have gone on for 
more than a year. Filter is used in 
the Polaris program. Manufacturer 
claims it can cut contamination con- 
trol costs by as much as 75 per 


cent.—Permanent Filter Corp. 
Circle 90 on postcard for more data 
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© T-1, ALL GRADES 
© HY-80, 90 

© MIL-S STEELS 
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© HIGH STRENGTH 
© ALLOY STEELS 
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© FORGINGS 

© FABRICATION 

° CASTINGS 


ZENITH 0514 
ENTERPRISE 9885 
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ie) ENTERPRISE 5140 
ZENITH 9-9835 
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SERVING THE AEROSPACE 
INDUSTRIES FOR FIVE YEARS 
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We're the 
Brazing-est! 


Not that we want to sound ‘‘way 
out’’... but we are! We're way out in 
front in the brazing field...doing what's 
considered the finest work in the use of 
Super Dry Hydrogen and Nickel alloy for 
brazing aircraft, rocket and missile com- 
ponents. 


In addition, many other alloys, like 
gold, can be used in our Super Dry Hy- 
drogen atmospheres. 


Bright annealing, powdered metal 
sintering and copper brazing are in- 
cluded in our specialized services. 


Whatever your brazing needs, use 
our unmatched experience. Contact our 
Engineering Department for consulta- 
tion,..no obligation, of course. 

\ 


Get the complete 
Western Alloy story. 
Write today for 
“Trail Brazing for 
the Space Age.” 
Mail handy coupon 
below. 


eee ee eee ee ee 


WESTERN ALLOY 


ENGINEERING CO. INC. 
847 Truck Way, Montebello, Calif. 
RAymond 3-9937 


Please send me the “word” on brazing. 


Company Name 


By 


City Zone ‘State 


Circle 36 on Inquiry Card 


Recs 


> New Parts 


and 
Components 


. continued 


ie 


New Fuel System 


Fuel injection system is for re- 
ciprocating aircraft engines up to 
600 hp. It consists of a unit that 
accurately measures air flow to the 
engine, a servo-operated fuel pro- 
portioner, a mixture control, and a 
servo-operated discharge distributor. 
It can be used for either intake valve 
port or single point impeller injec- 
tion.—Bendix Products Div. 

Circle 91 on postcard for more data 


Altitude Control 


Altitude control transducer pro- 
vides potentiometric output which is 
linear with either pressure or alti- 


© 
F 


tude for use in autopilot systems, 
fire control systems, and drone gui- 
dance systems.—Giannini Controls 
Corp. 


Circle 92 on postcard for more data 


Thimble-Size Bellows 


Sensitive bellows is for use in a 
force balance or closed-loop pres- 
sure transducer. The miniature bel- 
lows is being used in pressure trans- 
ducers for flight control systems 
designed and built by Autonetics 
Armament and Flight Control Prod- 
uct Division for the USAF GAM-77 
(Hound Dog) air-to-surface missile. 


It is about the size of a thimble.— 
Metal Bellows Corp. 


Circle 93 on postcard for more data 


No Moving Parts 
In Power Unit 


Transistorized electrical unit 
supplies power for electronic circuits 
in missiles. 

The unit, an inverter which con- 
verts DC power to AC power, has 
no moving parts—a feature that 
provides greater missile reliability. 
It is about half the size of other 
types.—The Bendix Corp. 


Circle 94 on postcard for more data 


Rubber Coupling 


Flexible rubber coupling for air- 
plane fuel lines weighs significantly 
less than metallic couplings. They 
are reinforced internally with mul- 
tiple fabric plies and withstand nega- 
tive pressures as high as 10 inches 
of mercury without collapsing. 
Every coupling is tested to a proof 
pressure of 240 psig. Each is de- 
signed to withstand burst pressures 
up to 480 psig.—B. F. Goodrich 


Aviation Products Co. 
Circle 95 on postcard for more data 


Gyro Improves Damping 


Sub-miniature rate gyro holds 
damping from 0.5 to 0.9 times criti- 
cal over a temperature range of 
—54°C to +84°C. Response time 
remains uniform over the environ- 
mental temperature range. A uni- 
formly low natural frequency oscil- 
lation of the gimbal over a wide 
temperature range assures fast gyro 
recovery even during  rapid-se- 
quence maneuvering. 

Maximum power consumption 
for the spin motor is 1% watts 
total. Weight: 612 oz.—Instrument 
Div., Lear Inc. 


Circle 96 on postcard for more data 
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New Electronic Products 


Dynamic Test-Set 


New 200 amp dynamic test set, 
Model 164, simultaneously evalu- 
ates characteristics of four silicon 
rectifiers in a full wave circuit. 


Basic circuitry consists of two 
power supplies—a low voltage, high 
current supply for forward char- 
acteristics; and a high voltage, low 
current supply for reverse character- 
istics. 

Test capacity of the Model 164 
is four rectifiers in the range of 
5-200 amp DC average forward 
current. Peak reverse voltage is ad- 
justable between 0-1500 v.—Walls- 
ton Associates. 


Circle 97 on postcard for more data 


Epitaxial Transistors 


New “epitaxial” germanium 
mesa transistors consists of thin 
semi-conductor layers deposited on 
low resistivity substrates of german- 
ium. Performance is _ reportedly 


NS. 
epitauiaL HiGH / Sx 
RESISTIVITY \/ 
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JA, 7 Low RESISTIVITY 
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Is EPITAXIAL DIFFUSED TRANSISTOR CONSTRUCTION 


superior to conventional germanium 
mesa transistors. 

Designated Types SYL2300 
and SYL2301, the new devices, 
available in production quantities 
are electrically similar to conven- 


tional mesa transistor Types 2N702 


and 2N711, with improved perform- 
ance in saturation voltage and 
switching time.—Sylvania Electric 
Products Inc. 


Circle 98 on postcard for more data 
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Two-Way Radio 
Weighs 20 Oz. 


Portable two-way radio has 
many applications for ground sup- 
port operations where short range 
communications are required. Called 


the DUO-COM 100, this “pocket- 
size” radio weighs only 20 oz. It is 
powered by eight miniature pen- 
light cells, which affords 40 hr of 
continuous use at a cost of less 
than 2 cents per hr. Range is five 
miles. The 10 transistor circuit pro- 
vides a compact unit measuring 
¥%e x 4 x 7% inches.—Osborne 


Electronic Sales Corp. 
Circle 99 on postcard for more data 


Intercom TV 


High-resolution-type _ television 
camera has the option of built-in 
sound channel for crisp voice com- 
munication. The more important 
circuit features of this medium- 
priced camera are: Low-noise Cas- 
code video input, 8 mc video band- 
width amplifiers with 600-line 
horiz. resolution, linear phase type 
aperture correction.—Tele-Tronics 
Corp. 


Circle 100 on postcard for more data 


Process Regulator 


New Electronic Process Regula- 
tor can be used as a flow regulator, 
a precision valve positioner, or a 
temperature control. 

Photograph shows a pressure 
regulator which can control pres- 
sure either immediately upstream 
or downstream of the valve. The 
pressure may also be controlled at 
remote points in the flow system. 
Three models cover the range from 
30” HG vacuum to 5,000 psig. 

A single unit can operate at low 
or high pressures and produce ac- 
curacies of pressure regulation 
previously unavailable to designers. 
—Physics For Industry Inc. 


Circle 101 on postcard for more data 


Thermocouples Have 
Quick Response 


Two ultra-fast response thermo- 
couples have millisecond response 
time. They are available in either 
single shielded or unshielded con- 
figurations. 

The 479-C shielded thermo- 
couple has demonstrated a capa- 
bility of 100 millisecond response, 

@ os 
ee 


measured at 63 per cent of temper- 
ature change from 32°F to 190°F. 
The 452V spot welded unshielded 
thermocouple is capable of even 
faster response, measuring 35 milli- 
seconds under the same conditions. 

Thermocouple material is 20 
gauge chromel - alumel. — Press- 
Temp Products Div., Propulsion 


Development Laboratories Inc. 
Circle 102 on postcard for more data 
continued on next page 
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From 
design to 
construction to in- 
stallation, Tinsley will de- 
velop a complete optical mechan- 
ical system to meet your performance 
requirements for visualization in wind tunnels, 
arc tunnels, shock tubes, 
plasma jets. Among our 
clients: Douglas, Lockheed, 
NASA, North American, 
Rocketdyne, Republic. For 
literature write Air Flow 
Dept. TINSLEY LABORA- 
TORIES, INC., 2526 Grove 
Street, Berkeley 4, Calif. 


Circle 37 on Inquiry Card 
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7 New 
Te Electronic 
Products 


. continued 


Photoelectric Control 


Transistorized Photoelectric 
Controller PE-601 is a unique ap- 
proach to design of photoelectric 
controls. The PE-601 consists of a 
transistor amplifier and a power 
supply packaged in a plug-in unit 
measuring 2 in. x 2 in. x 2 in. The 
system operates from 115 VAC 
50/60 cycles with power consump- 
tion of less than 3 watts total. Sens- 
ing range from portions of an inch 
to eight feet.—Syracuse Electronics 
Corp. 


Circle 103 on postcard for more data 


Signal Simulator 


Electronic signal simulator pro- 
duces precise PAM, PDM, or 
PAM/NRZ pulse trains. 

Significant features include con- 
tinuously variable pulse rate from 


Pe ee bee 


20 to 7000 pulses per second, pro- 
grammable signal levels, zero and 
full-scale pulses anywhere within 
the frames, and provision for appli- 
cation of noise to the pedestal and 
information levels of the wave 
train.—Telemetrics Inc. 


Circle 104 on postcard for more data 


Potentiometers 


Potentiometers featuring a torque 
of 0.003 oz-in. to 0.025 oz-in are 
now available. They accurately di- 
vide an electric current or voltage 
in proportion to shaft rotation up to 
354°, and can be furnished with 
linear and sin-cos functions. Use- 
ful angles up to 360° in a toroid 
form can be provided. Potentiom- 
eters withstand vibration at 10 g to 
1000 cps.—Giannini Controls Corp. 


Circle 105 on postcard for more data 


Micro-Miniature 
Transmitter 


Transmitting system is small 
enough to be packaged in an avia- 
tion flight helmet. It can transmit 
over great distances physiological 
reactions of pilot or astronaut. 

The developed model consists 
of three low level amplifiers, three 
subcarrier oscillators, and a crys- 
tal-controlled transmitter. It can be 
adapted, however, for the addition 
of three or even six additional chan- 
nels, equivalent to three or six addi- 
tional measurements.—Vector Man- 
ufacturing Co. 


Circle 106 on postcard for more data 


Frequency Source 


This 60-cps frequency source 
drives the capstan motor of an 
Ampex data-processing tape re- 
corder. The Ampex AR-200 can 
withstand shock up to 15 g’s, oper- 
ate at altitudes up to 100,000 feet, 
function at temperatures anywhere 
between that of boiling water and 
—55C. 

The heart of the unit, Hill 
FS17900, is a 3.84-kc, high-pre- 
cision quartz crystal. The 60-cps 
output frequency is obtained by 
means of six binary frequency divid- 


ers.—Hill Electronics Inc. 
Circle 107 on postcard for more data 


Diode Tester 


Model T-401A Automatic 
Diode Tester will automatically in- 
dex, test, and sort diodes at the rate 
of 3600 per hour; will reject 
“shorted” or “open” units at the 
rate of 7200 per hour; and idles 
with open contacts at the rate of 
2400 steps per hour. Test circuitry 
automatically corrects for diode 
orientation prior to testing.—Atlan- 
tis Electronics Corp. 


Circle 108 on postcard for more data 
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Hi-Temp Transistor 


First transistor capable of oper- 
ating above 650°F has been devel- 
oped. It is made from silicon car- 
bide crystals about .002 inch thick. 
Researchers foresee its upper oper- 
ating temperature at more than 
925°. 

The new device is a unipolar 
transistor which differs in operating 
principle from the bipolar type 
usually made from germanium and 
silicon.— Westinghouse Electric 
Corp. 


Circle 109 on postcard for more data 


Rotary Trimmer 


Miniature single turn rotary 
trimmer, is available with bushing 
or servo mounting, and is capable 
of withstanding in excess of 150 G 
shock and 15 G vibration. 

Power rating of the unit is 2 
watts at 60°C. Standard resistance 
is 10 ohms to 20 K.—International 
Resistance Co. 


Circle 110 on postcard for more data 


Spectrograph 
Audio-frequency spectrograph 
has automatic sweep and extreme 
selectivity in both narrow and broad 
band operations. At 20 kc, mea- 
surements of the hum modulation 
sidebands can be made with the full 
resolving power of the set. Inherent 
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distortion of the set is low, per- 
mitting measurements even on low- 
distortion passive and active net- 
works. Measured values are plotted 
by the recorder equipped with an 
automatic frequency sweep. — 
Rohde & Schwarz Sales Co. 


Circle 111 on postcard for more data 
continued on next page 
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Important facts to know about laminated plastics 
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A few Taylor composite laminates (left to right): copper-clad section; sandwiched cop- 
per component; Taylorite vulcanized fibre-clad part; laminated tube, copper inserts. 


Composite Laminates Open Up New Design Opportunities 


While the great variety of commer- 
cially available laminated plastics 
satisfy most electrical and mechan- 
ical requirements, there are applica- 
tions that can benefit from the com- 
bination of properties provided by 
composite laminates. Recent ad- 
vances in bonding techniques have 
made it possible to bond virtually 
any compatible material with a lam- 
inate. These can be supplied as clad 
or as sandwiched materials. And 
they can be molded into many shapes 
to fit design requirements. Taylor is 
presently supplying to order the fol- 
lowing composite laminates: 


e Copper and laminated plastics. 
Clad for printed circuits and formed 
shapes. Sandwiched for special ap- 
plications. 

Taylorite® vulcanized fibre-clad 
laminates. These combine the 
high strength of laminated plastics 
with the superior hot-arc-resistance 
of vulcanized fibre. They are being 
used in both high and low-voltage 
switchgear applications. Also in ap- 
plications where the high impact 
strength of vulcanized fibre may be 
advantageous. 

Rubber-clad laminates. Almost 
any type of natural or synthetic 
rubber may be used as the cladding 
material. These laminates are widely 
used for condenser tops in wet con- 
densers to protect the laminate 
against highly alkaline electrolytes. 
They also have application in any 
part where sealing or chemical re- 
sistance is needed. 

Asbestos-clad laminates. For 
applications where high heat- and 
arc-resistance are required. 
Laminate-clad lead. Lead sheets 
sandwiched between Grade XX pa- 


per-base laminates have been used 
for X-ray shields. The laminate 
provides strength and contributes 
to the high shielding properties of 
the lead. 

Aluminum-clad laminates. These 
have been used extensively for en- 
graving stock. They also offer pos- 
sibilities as printed-circuit material 
and as plate holders for X-ray 
machines. 

Beryllium copper-clad laminates. 
Beryllium copper is nonmagnetic 
and a good conductor—properties 
that give these laminates possibil- 
ities in many applications. 
Stainless steel-clad laminates. 
Applications where nonmagnetic 
properties are required. Also in cer- 
tain corrosive environments where 
the resistance of stainless steel to 
attack is an asset. 
Magnesium-clad laminates. 
These laminates have been pro- 
duced in 108-in.-long sheets for use 
as screens for X-ray operators. 
Weight was a factor. 


Our design and production engineers 
are constantly developing new ma- 
terials, new applications, and new 
procedures for fabricating laminated 
plastics. Our experience is yours for 
the asking. And if you have a prob- 
lem requiring assistance or more in- 
formation on composite laminates, 
write us. Also ask for your copy of 
Taylor’s new guide to simplified 
selection of laminated plastics. 
Taylor Fibre Co., Norristown 50, Pa. 


faylor 


4AMINATEO PLASTICS 
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VULCANIZED FIBRE 
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Acclaimed by 
over 5000 Maintenance, 
Production and Quality 

Control Engineers! af 


IN YOUR PLANT or 
location of your choice! 


Now, your plant or technical group 
can learn the full story of flaw 
location with dye penetrants. See how 
dye penetrants provide greater 
inspection accuracy and speed at lowered 
cost for hundreds of industrial concerns 
whose inspection facilities range from 
huge multi-tank installations down to 
small $35 inspection kits. Witness actual 
dye penetrant inspections, right in your 
own plant or other location of your 
choice...all without any cost or obligation! 


Produced by the Technical Film Staff of 
Turco, manufacturer of the Dy-Chek® 
inspection process, this 23-minute film 
visually de smonstrates eve ry aspect of dye 
penetrant inspecting from lz aboratory 
theory to authentic production-line 
techniques actually filmed on the spot 
during mass production inspections. 


= 
If your plant or technical group eke s 
is interested, write today without 
cost or obligation for the Turco 
“Film Kit” described below. 
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Send for FREE KIT! 


TURCO PRODUCTS, INC. 
24600 South Main Street, Wilmington, Calif. 


Please send me your FREE “FILM KIT” without cost or 
obligation. 


Offices in All Principal Cities 


TURCO 
PRODUCTS, 
INC. 


Chemical Processing Compounds 

24600 South Main Street, Wilmington, California ADDRESS 
FACTORIES: Chicago, Houston, Los Angeles, 

London, Rotterdam, Sydney, Mexico City, Paris, CITY & STATE. — 

Hamburg, Montreal, Manila, Naha (Okinawa) AM 
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New 
Electronic 
Products 


Shutoff Valve 


Axial flow shutoff valve will be 
employed for its extended opera- 
tional life in a deep space probe. 
Metal-to-metal desizn to limit leak- 
age to | cc. per hour was dictated 


by environmental requirements. 
Specifications: weight, 3 0z; oper- 


ating pressure, 15 psi; power con- 
sumption, 2 watts; actuating volt- 
age, 25 volt DC; size, 3/16 in. TS— 
Telecomputing Corp. 


Circle 112 on postcard for more data 


Temperature Recorder 


Economical, miniaturized tem- 
perature recorder that operates di- 
rectly from a thermocouple, without 
signal amplification. The Temprint 
recorder is believed to be the first 
available with a meter movement 
that is sensitive enough to permit 
temperature recording without a sig- 
nal amplifier. The meter movement, 
calibrated to match the thermo- 
couple, is essentially the same as 
those used in sensitive API panel 
pyrometers. — Assembly Products 
Inc. 


Circle 113 on postcard for more data 
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STAINLESS 


PIPE UNIONS , = 
1 


7 TEFLON SEAL 


Patented construction provides double seal- 
ing action. Excellent for high pressure and 
high vacuum applications. Pressure ratings 
2,000# to 6,000#. Screwed or socket weld 
ends, for pipe sizes to 2”. Send for catalog 
today. 


THE 


SPECIAL SCREW PRODUCTS 


BEDFORD, OHIO 
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50 Megawatt “‘S" Band Radar Transmitter 


i 
a ee See and facilities 
| have produced the 50 Megawatt “S” Band 
The result | Radar Transmitter for Cornell Aeronautical 
, Laboratories. This transmitter, more than 
, twice as powerful as the formerly largest 
| unit of its class, will be used in the elec- 
| tronic exploration of the atmosphere and 
\ the ionosphere. 


of complex 
challenges 


FXR has an extensive achievement record in solving 
demanding problems. Put this creative ability to work to 
help solve your High Power Electronics problem. 


For detailed information concerning your 
particular application, contact your FXR 
applications engineer, He is only a phone 
call away. 


Design * Development * Manufacture 


25-26 50th STREET @ RA. 1-9000 
WOODSIDE 77, N. Y. ~ TWX: NY 43745 
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7 BN, < an 
or HAND OPERATED “(7 


pes a 


WIRE AND TUBE MARKERS — 


WITH SPEEDS UP TO 7, 000... 
FEET PER HOUR .. ...=# 


: ~~ Equipped with NOV 
- em * AC Motor. 
Adjustable stamping 
depth. 
“Foil feed adjustable 
and automatic. 
Feed adjustment 1° 
to 18" 
Accommodates wire 
size AN-26 thru AN- 
0000, and tubing from 
1/16” to 1-1/2" O. D. 
Heat range from 100° F. 
to 600° F. controlled 
by thermostat and 
thermometer. 
Machine can also be sup- 
plied with automatic cut-off 
mechanism, bench mounting 
and foot pedal operation. 


q mene 13 rs APA 


St. Lous 1 10,M 


Accurate to 


FASTER, MORE “=== 
ACCURATELY, PORTABLY 


INDISPENSABLE for series or unit air sampling — indoors or 
out. Portable, yet stands up to heaviest usage. Weighs only 
10 Ibs. Comes equipped with standard 4” filter holder. Special 
adapters available for 6” x 9”; 8”x 10"; 12”x 12” and others. 


Staplex Air Samplers are widely used to solve the many 
diverse, exacting needs of leading industries. Also for indus- 
trial hygiene and health departments, nuclear and missile 
fields; manufacture and processing of beryllium products, 
radioactive materials and all other industrial dusts and air 
pollutants. 

Let us help you solve your air sampling problems as we 
have for thousands of users. Send for details. 


THE STAPLEX company 


779 FIFTH AVENUE * BROOKLYN 32, N. Y. 
World's Largest Manufacturer of High Volume Air Samplers 
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New for Production 


Lab Enclosure 


New laboratory enclosures are 
for chemical and metallurgical re- 
search on materials under high 
vacuum. They are available in 


standard units of 3’ and 4’ modules. 
Vacuum dry boxes have been tested 
with a mechanical pump and have 
been pumped down to approxi- 
mately 50 microns. 

Testing with the system com- 
pletely blanked off and after a slight 
rise due to degassing has resulted 
in a leak rate of % micron per 


minute.—S. Blickman Inc. 
Cirele 114 on postcard for more data 


Fast Printer 

High-speed facsimile scanning 
and printing units can scan and 
transmit page-width documents of 
any length at a rate of 15 linear 
feet per minute. 


The scanner, with its vacuum- 
ported scanning drum, accepts ran- 
dom length documents for scanning 
and then transmits the intelligence 
in the form of video signals to its 
campanion printer for either con- 
tinuous or intermittent ‘hard copy’ 
print-out operation. Dry, permanent 
copies are produced on standard- 
weight paper.—A. B. Dick Co. 


Circle 115 on postcard for more data 


88 


Micrometer 


Micrometer permits direct mea- 
surements of internal groove and 
land widths in bores as small as a 
quarter-inch in diam. The instru- 
ment can be used to check work- 
pieces without the necessity of re- 
moving them from the machine. 

Direct-measuring, internal-width 
micrometers replace as many as six 
different conventional measuring 
devices formerly required to set up 
and check under-cut machining 
operations.—Navan Products. 


Circle 116 on postcard for more data 


Detects Flaws 


Single frequency non-destructive 
testing equipment employs a unique 
oscilloscope presentation to indicate 
surface or sub-surface flaws in non- 
ferrous, non-magnetic materials. 
Equally adaptable to production 
line use, or a separate inspection 
operation. At inspection speeds of 
50 to 600 ft. per minute, materials 
ve” to 3” in diameter can be 
inspected. — Magnetic Analysis 
Corp. 


Circle 117 on postcard for more data 
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Heat Without Fuel 


Plasma Torch utilizes tempera- 
tures over 3000°C. Experiments 
are now under way to reach 
5,700°C. 

None of the parts of “Plasma 
Torch” ever heat. The only com- 
ponent that will eventually have to 
be replaced is the electron tube or 
magnetron used to generate the 
electromagnetic field. —- Amperex 
Electronic Corp. 


Circle 118 on postcard for more data 


Sealant Process 


Mass production method gives 
positive adherence of a sealant in 
any elastomeric material. Eliminates 
after-assembly sealing. 


The selective placement of seal- 
ing material can be applied in 
almost any position, shape, or form 
on metal stampings, plastic parts, 
nuts and nut washer assemblies. — 
Automotive Rubber Co. 


Circle 119 on postcard for more data 


Acceleration Testing 


Centrifuges combine the rug- 
gedness, flexibility, fast response, 
and operating convenience demand- 
ed by production acceleration test 
programs with the accuracy re- 
quired for laboratory testing. 


New Model 1220 Centrifuge 
will subject a 150 Ib, 18” cube test 
specimen to g forces of from 0 to 
250 g’s at 24” nominal radius. Its 
maximum centrifugal capacity is 


15,000 g-pounds. New Model 1230 
will test a 150 Ib, 24” cube test 
specimen to simulated g loadings of 
from 0 to 200 g’s at 42” nominal 
radius. Its maximum centrifugal 
capacity is also 15,000 g-pounds.— 


Genisco Inc. 
Circle 120 on postcard for more data 
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Beryllium Monitor 


A Beryllium Monitor is now 
being manufactured and marketed. 
The model now available detects 


aerosole containing beryllium and 
records the state of the atmosphere 
where it is placed at intervals of 60 
seconds. Standing some 5 ft. high, 
the instrument console is connected 
to the detector head by a flexible 
air hose. This allows samples to be 
taken at the operator’s inhalation 
level on any particular job or ma- 


chine.—Winston Electronics Ltd. 
Circle 121 on postcard for more data 


Polyform Process 


Polyform process is a new 
method of forming conetic metal 
enclosures. Difficult to form conetic 
metal can be formed into almost 
any shape, including reverse angles. 
Magnetic shielding is superior to 
that of standard formed conetic 
metals of the same weight. The 
expense of tooling is eliminated, 
thus cutting fabricating time. — 


Barber-Colman Co. 
Circle 122 on postcard for more data 


Flame Cutter 

Gantry-type, multiple-head 
flame cutter handles plate up to 20 
ft. wide up to any length. It has 
unlimited capacity for squaring large 
plate sizes, scarfing, beveling and 
edge preparation to close precision 
tolerances, and can be converted to 
a straight-line automatic welding 
rig. Gantry unit is recommended for 
use with two end trimmers which 
also travel on.the rails with the 
gantry and provide cross-cut trim- 
ming.—Ty-Sa-Man Machine Com- 
pany 

Circle 123 on postcard for more data 

continued on next page 
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Merely interchange high and low heat 
tips for the soldering temperature best 
suited for the job. Low heat for heat- 
sensitive soldering ... higher heat for 
regular work. Available with Magnastat 
Soldering Iron model TC-552. 


W@ Automatically maintain correct soldering temperature 
Wi Weigh only half as much as uncontrolled irons 
Wi Give greater heat efficiency with lower wattage 


Plus these advanced features for greater efficiency : 
¢ Various tip types now available « New tip retain- 
ing nut minimizes freezing « New rubber shock 
absorber prevents sliding « New, rugged, non- 
arcing snap switch e Handle stays cool e New cord 
connection locks cord securely in place, yet per- 
mits easy replacement ¢ 2 or 3-wire cords available. 


3 MAGNASTAT SOLDERING IRONS ARE AVAILABLE 
MODEL TC-552. 55 watts, for heat-sensitive soldering ee 
is 
MODEL TC-602. 60 watts, for light to medium soldering $1 oi“ 
's' 


MODEL TC-1202. 120 watts, for medium to heavy 
soldering 


Prices shown are for Magnastat Iron with tip and 2 wire cord. 


Send for NEW literature on 
Weller MAGNASTAT Soldering Irons. 
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Another “impossible” job 
done by the Airbrasive®.. 


.+»Micromodule circuits 


abrading + cutting + deburring + stripping + drilling + cleaning + scribing 


Pig lll ee is “ _ * 
“ie \ 


Key to fabrication in RCA Basic Micromodule 
Laboratory...The Airbrasive cuts and adjusts 


micro-miniaturized components 


S. S. White’s Industrial Airbrasive is the key to rapid construction of 
Micromodules by the new RCA Basic Micromodule Laboratory. 

Faster and more reliable and flexible than photo-etching methods, 
the Airbrasive forms circuits and adjusts resistors and capacitors by 
abrading away controlled portions of deposited conducting surfaces 
and terminations. 

Every day the Airbrasive is solving problems that once appeared 
impossible. Its precise stream of superfine abrasive particles, gas- 
propelled at supersonic speeds, quickly slices or abrades a wide 
variety of hard brittle materials... fragile crystals, ceramics, thin 
films, tungsten... and others. No shock, no heat damage. There is 
no contact between the tool and the work. 

Note this too. The Airbrasive is not expensive... for under ap- 
proximately $1,000 you can set up your own unit. 


Send us samples of your “impossible” jobs and we will 
test them for you at no cost. 


es SEND FOR BULLETIN 6006 
...complete information. 


Vttle 


S.S. White Industrial Division , i 
Dept. 18A, 10 East 40th Street, New York 16, N. Y. . - 


90 Circle 42 on Inquiry Card 
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. . continued 


Tool-Changing System 


Automatic tool changing system 
has been shown and demonstarted 
for the first time. System can easily 
be engineered into various tape-con- 
trolled single spindle machine tools. 
This speeds up tool changes for 
sequence machining operations and 
helps assure low cost small lot pro- 
duction. It changes tools in approx- 
imately 3 seconds. Key in the tool 
encoder allows proper selection of 
any one of over 65000 possible tool 
combinations for automatic tool 
change. —Scully-Jones & Co. 


Circle 124 on postcard for more data 


Double Disc Grinder 


The Gardner 2H30 precision 
double horizontal spindle disc 
grinder loads and indexes universal 
joint spiders. It grinds each pair of 
trunnion ends flat and parallel, and 
automatically keeps abrasive discs 
dressed and advanced to compen- 
sate for wear. Automatic loading 
of spiders into the rotary carrier re- 
portedly marks a “first” in grind- 
ing these parts—Gardner Machine 
Co. 


Circle 125 on postcard for more data 


Wiring Analyzer 

Automatic wiring analyzer can 
check up to 6,000 circuit assemblies 
for current continuity and leak- 
age. Tests are controlled by pro- 
grammed IBM cards correspond- 
ing to the wiring diagram of circuits 
being checked. One card is required 
for each circuit, and the machine 
processes 60 cards every minute. 

As the cards complete their test 
cycle, they automatically fall into 
“condition of circuit” bins which 
classify the type of circuit failure 
and its location in the assembly.— 
Hughes Aircraft Co. 


Circle 126 on postcard for more data 
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Worth Asking For 


Vacuum Furnaces 


Eight-page bulletin describes 
vacuum-type furnaces.—Lindberg En- 
gineering Co. 

Circle 127 on posteard for more data 


Ordnance Devices 


Explosive-actuated devices de- 
scribed in new catalog. — Lockheed 
Electronics Co. 

Circle 128 on postcard for more data 


Nylon Shapes 


Eight-page brochure gives data on 
nylon stock shapes available from 
new mill source.—Cadillac Plastic & 
Chemical Co. 


Circle 129 on postcard for more data 


Tube Fittings 


New 4-page folder illustrates and 
fully describes new flareless tube fit- 
ting, made in stainless steel for cor- 
rosion-resistant service.—Parker-Han- 
nifin. 

Circle 130 on postcard for more data 


Modern Warehousing 


28-page, 2-color brochure describes 
the facilities, policies, operating prac- 
tices and services largest independent 
non-ferrous warehouse in the U. S.— 
T. E. Conklin Brass & Copper Co. 


Circle 131 on postcard for more data 


Salt Spray Chamber 


Bulletin C-11-2 describes new line 
of all-Lucite salt spray chambers for 
environmental testing. — Associated 
Testing Laboratories. 

Circle 132 on postcard for more data 


Cold Propellant Rocket 


Bulletin describes construction 
features, performance of recoverable 
atmospheric rocket.—Texaco Experi- 
ment Inc. 

Cirele 133 on postcard for more data 


SNAP 


Pamphlet on SNAP series of 
radioisotope-powered generators for 


power generation—The Martin Co. 
Cirele 134 on postcard for more data 


Pioneer V . 
Description of instrumentation, 

experimental measurements of Pi- 

oneer V payload.—Space Technology 


Laboratories 
Cirele 135 on postcard for more data 


Explosive Valves 


Catalog on explosive valves and 
latch pins.—Conaz Corp. 
Circle 136 on postcard for more data 


Aircraft & Missiles « 


January 1961 


Rocket Test Equipment 


Brochure on test equipment pro- 
duced by firm.—Astrosystems Inc. 
Circle 137 on postcard for more data 


Testing Equipment 

Brochure, “‘Custom-built Produc- 
tion Chilling and Environmental Test 
Equipment.”—Cincinnati Sub-Zero 
Products. 

Circle 138 on postcard for more data 


AVCO-Nashville 


Facilities brochure gives complete 
picture of division’s activities.— 
Nashville Div., Aveo Corp. 


Circle 139 on postcard for more data 


Fairchild 


Booklet, “Facts About Fairchild” 
pictures firm’s operation.—Fairchild 
Camera and Instrument Corp. 

Circle 140 on postcard for more data 


Connectors, With Chart 


Wall chart on missile system con- 
nectors includes two large color-draw- 
ings of a liquid and a solid propel- 
lant missile showing main features 
and place of components.—E. B. Wig- 
gins Oil Tool Co. Inc. 


Circle 141 on postcard for more data 


CF700 


Bulletin GED 4194 on CF700 aft- 
turbofan engine for executive air- 
draft.—General Electric Co. 

Circle 142 on postcard for more data 


Heat-Treat Technology 


Brochure explains infrared mea- 
suring systems.—Leeds & Northrup 
Co. 


Circle 143 on postcard for more data 


Titanium Alloy 


Booklet gives complete properties 
of titanium alloy Ti-8AL-IMO-IV.— 
Titanium Metals Corp. of America. 

Circle 144 on postcard for more data 


Silicone Modified Rubber 


48-page two-color technical manual 
explains applications of silicone modi- 
fied rubber in the Rocket and Missile 
Industry. Includes the various types 
of SMR compounds, insulation data, 
and plastic laminates.—Stoner Rub- 
ber Co. 


Circle 145 on postcard for more data 


EBW 


Exploding bridgewire system for 
ordnance safety in missiles and space 


vehicles explained. — Librascope Inc. 
Circle 146 on postcard for more data 


RC-2525 


Properties and applications of 
RC-2525 vinylidene fluoride resin fully 
described in booklet.—Pennsalt Chem- 
icals Corp. 

Circle 147 on postcard for more data 


Nord 

Brief history of French aviation 
and description of firm’s current proj- 
ects.—Nord-Aviation. 

Circle 148 on postcard for more data 


Missile Attitude 


Report UNC-230 describes hydro- 
gen peroxide reaction control systems; 
includes system schematic, pictures of 
motors used in second and third stage 
Scout.—Walter Kidde & Co. 


Circle 149 on postcard for more data 


Baliscrew Assemblies 

Folder on precision recirculating 
ballscrew units for aircraft, missiles, 
and ground support.—Walter Kidde 
& Co. 


Circle 150 on postcard for more data 


O. E. G. 

Folder describes Operations Eval- 
uation Group, M.I.T.’s civilian organi- 
zation offering scientists a career in 
military operations 1esearch.—Massa- 


chusetts Institute of Technology. 
Circle 151 on postcard for more data 


Cryogenic Subsystems 

Booklet UNC-236 on Integrated 
Cryogenic-fueled spacecraft subsys- 
tems.—Waliter Kidde & Co. 


Circle 152 on postcard for more data 


Plugs 

Catalog presents description of the 
KQ/KR line of Cannon miniature 
plugs.—Cannon Electric Co. 


Circle 153 on postcard for more data 


Rupture Disks 


Data on Impervite rupture disks. 
——Falis Industries Inc. 
Circle 154 on postcard for more data 


Wire 
Wire for use in the semiconductor 
industry is described in new pamphlet. 


—=Secon Metals Corp. 
Circle 155 on postcard for more data 


Angle Torch 
Bulletin describes controlled angle 
torch for tungsten inert gas, arc weld- 
ing.—Falstrom Co. 
Circle 157 on postcard for more data 
continued on next page 
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. continued 


ao pemecmatme comm 


Raytheon Products 
Products and services outlined by 
divisions producing them.—Raytheon 
Co. 
Circle 158 on postcard for more data 
Mobile Labs 
Complete description, including 
equipment and chemicals, of firm’s 
mobile test labs.—Wyle Laboratories 
Circle 159 on postcard for more data 
High Temperature Materials 
. Booklet on cermets with significant 
technical data.—Bendix Products Div. 
Circle 160 on postcard for more data 
Battery Firm 
Review of firm’s facilities, re- 
search, and personnel.—The Electric 
Autolite Co. 
Circle 161 on postcard for more data 
Plastic Research 
Description of expanding fields of 
research for modern plastic firm.— 
CTL, Div. of Studebaker-Packard 
Circle 162 on postcard for more data 
Moon Map 
Map of the moon with 309 geo- 
graphic features.—Missile Div., North 
American Aviation 
Circle 163 on postcard for more data 
Liquid Rocket Oxidizers 
Table of properties of liquid rocket 
oxidizers.—Astrosystems Inc. 
Circle 164 on postcard for more data 
Space Systems 
Fully illustrated brochure shows 
firm’s facilities and capabilities in 
space engineering, manufacturing, 
solid-state electronics.—Aerolab, sub- 
sidiary of Ryan Aeronautical 
Circle 165 on postcard for more data 
Transac S-2000 
Description of all-transistor data 
processing system.—Philco Corp., Gov- 
ernment & Industrial Group 
Circle 166 on postcard for more data 
Flame Cutting 
Line of Oxweld flame-cutting ma- 
chines described in a 28-page catalog. 
—Linde Co. 
Circle 167 on postcard for more data 
Slide Calculator 
Vest-pocket calculator on general 
properties of gases.—Liquid Carbonic 
Div., General Dynamics Corp. 
Circle 168 on postcard for more data 
Sub-Zeroing 
Folder describes one to ten cubic 
foot units especially designed for lab 
and job shop applications where tem- 
peratures from —150 to +300°F are 
required.—Cincinnati Sub Zero Prod- 
ucts 
Circle 169 on postcard for more data 
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Liquid Level Sensor 

Folder describes unitized liquid- 
level switch combining an ultrasonic 
probe and a transistorized control into 
an integral unit.—Acoustica Assoc. 

Circle 170 on postcard for more data 
Motorola 

Color brochure shows management 
setup, projects, reliability, research 
development and production pro- 
grams, financial structure.—Motorola 
Military Electronics Div. 

Circle 171 on postcard for more data 
SPAN 

SPAN (Semiconductor Product Ap- 
plications News) contains illustrated 
articles on “Voltage Regulator Diode 
Surge Ratings” and “The Silicon Uni- 
Tunnel Diode.”—Hoffman Electronics 
Corp. 

Circle 172 on postcard for more data 
Rocket Engines 

Folder on firm’s research rocket 
engines.—Astrosystems Inc. 

Circle 173 on postcard for more data 
CompuDyne 

Brochure entitled “Capabilities of 
CompuDyne Corporation”—Compu- 
Dyne Corp. 

Circle 174 on postcard for more data 
Honeycomb 

General brochure “This Is Hexcel 
Honeycomb.”—Hexcel Products Ince. 

Cirele 175 on postcard for more data 
Recording Oscillograph 

Four-page bulletin contains photos 
and specifications on new portable re- 
cording oscillograph.— Electro Me- 
chanical Instrument Div., Consoli- 
dated Electrodynamics Corp. 

Circle 176 on postcard for more data 
Hoffman 

Brochure illustrates and describes 
firm’s equipment in navigation, com- 
munications, radar, electronic counter- 
measures, includes business setup and 
facilities —Hoffman Electronics Corp., 
Military Products Div. 

Circle 177 on postcard for more data 
Servomotors 

Catalog shows new models and up- 
dated specs on Size 8 and Size 11 
servomotors.—Helipot Div., Beckman 
Instruments Inc. 

Circle 178 on postcard for more data 


Resin Molding Booklet 


Booklet on properties uses, and 
molding requirements of compounds 
based on Dapon diallyl phthalate 
resins.—F'o0d Machinery and Chemi- 
cal Corp. 

Circle 179 on postcard for more data 


Controls 


Integrated control systems for 
aircraft and missile variable displace- 
ment hydraulic pumps described. — 
Vickers Ince. 

Circle 180 on postcard for more data 


GP 
Engineering service organization 


described.—_GP Engineering Services 
Ine. 
Circle 181 on postcard for more data 
Ultrasonic Primer 
Folder explains ultrasonic cleaning; 
28 page catalog shows firm’s ultra- 
sonic cleaning equipment. — National 
Ultrasonic Corp. 
Circle 182 on postcard for more data 
Inertial Guidance 
Story of AChiever all-inertial guid- 
ance system with brief working de- 
scription. — Electronics Div., General 
Motors. 
Circle 183 on postcard for more data 


Projection Welding 

Brochure “Projection Welding 
Low Carbon Steel with Embossed 
Projections” gives detailed informa- 
tion on projection welding techniques, 
projection-forming tools, welding elec- 
trodes and joint design.—The Taylor 
Winfield Corp. 

Circle 184 on postcard for more data 
Stand-Off Fasteners 

Booklet, “What You Should Know 
About Stand-Off Fasteners.” — West- 
ern Sky Industries. 

Circle 185 on postcard for more data 
Silicon Diodes 

Literature lists new line of 
medium power silicon diodes. — Con- 
trols Co. of America. 

Circle 186 on postcard for more data 
Flame-Plated Coatings 

Up-to-date physical data and 
characteristics of Flame-Plated coat- 
ings.—Linde Co., Div. of Union Car- 
bide Corp. 

Circle 187 on postcard for more data 
Electron Beam Welding 

New electron beam welding unit 
described.—Air Reduction Sales Co. 

Circle 188 on postcard for more data 
Adhesives 

Beoklet on bonding and testing of 
adhesives. — Raybestos- Manhattan 
Ine. 

Circle 190 on postcard for more data 
PCM 

Bulletins on “Astro” PCM sys- 
tems.—Epsco Inc. 

Circle 191 on postcard for more data 
Stainless Steels 

Bulletin on firm’s cold-rolled stain- 
less strips, and production facilities. 


—Rodney Metals Inc. 
Circle 192 on postcard for more data 


Magnetic Separators 

Bulletin on high pressure mag- 
netic separators for hydraulic sys- 
tems.—S. G. Frantz Co. 

Circle 193 on postcard for more data 
Transfer Lines 

Folder on vacuum-jacketed trans- 
fer lines for transfer of low tempera- 
ture liquid oxidizers. — Rochester 


Div., Consolidated Electrodynamics. 
Circle 194 on postcard for more data 
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Quentin G. Turner 
Motorola 


Carroll J. Peirce 


Goodyear Aircraft 
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Roy P. Jackson 
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Socrates N. Vavoudis 
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Aeronutronic 
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en on the Move 


QUENTIN G, TURNER, placed in 
charge of all managerial aspects of 
development and production of the 
Mission and Traffic Control system 
for the B-70, at Motorola Inc. 


WILLIAM L. DAvViIs, appointed man- 
ager of Army and Navy Sales for the 
Missile and Space Vehicle Dept., Gen- 
eral Electric Co. A. T. CHRISTENSEN, 
appointed manager of sales and con- 
tract management for the depart- 
ment. 

CARROLL J. PEIRCE has joined the 
office of the Chief Engineer at Good- 
year Aircraft Corp. CHARLES D. Con- 
NER has joined Goodyear as a devel- 
opment engineer in the firm’s com- 
puter engineering department. 

Dr. RICHARD P. CARTER, appointed 
technical superintendent at the Rocky 
Hill plant, Hercules Powder Co. 

JOHN P. BUTTERFIELD, named ex- 
ecutive engineer on the corporate staff 
of The Martin Co. 

J. L. BROMBERG, appointed director 
of programs — defense programs, at 
Douglas Aircraft Co. 

Dr. R. H. McFee, named director 
of research at Aerojet-General’s 
Azusa plant. 

Roy P. JACKSON, appointed man- 
ager of the marketing staff, Aero- 
nutronic Div., Ford Motor Co. 

CHARLES S. HaAzarp has joined 
American Machine & Foundry Co. as 
manufacturing specialist. LEON A. 
MENZL, JR., has joined AMF as pro- 
curement administrator. 

EUGENE L. WOODCOCK, appointed to 
the senior technical staff of the Elec- 
tro-Optical Div., Perkin-Elmer Corp., 
Los Angeles. 

Socrates N. VaAvoupis has joined 
United Aircraft Corporation’s Nor- 
den Div. as supervisor of the environ- 
mental laboratory. 

CLyDE A. ForRD, appointed man- 
ager of material at Convair - Ft. 
Worth. 

SERENUS H. A. YOUNG, named gen- 
eral manager of the Hunter Bristol 
Div., Thiokol Chemical Corp. 

DR. HENRY E. SINGLETON has joined 
Amelco, Inc. as president. 


ROBERT B. KATROV, named manager 
of tactical missile systems at Aero- 
nutronic. 


e January 1961 


J. V. NAISH, president of Convair, 
has been elected Chairman of the 
Board of Governors of the Aerospace 
Industries Association for 1961. H. M. 
HORNER, chairman, United Aircraft 
Corp., was named vice chairman of 
the Association. 

Dr. HENRY SWIFT, appointed assis- 
tant director of the infrared labora- 
tory at Hughes Aircraft Company’s 
Santa Barbara Research Center. 

ABRAHAM HYAtTT, named director 
of NASA’s Office of Program Plan- 
ning and Evaluation. 

ROBERT D. ROCHE, named aerospace 
development sales manager with Lock- 
heed Aircraft’s Georgia Div. 

MARION MAXFIELD has joined Ver- 
tol Div. of Boeing Airplane Co. as 
manager of commercial programs. 


FriepRICH L. DUBLHOFF, appointed 
corporate director of engineering, 
Europe. 


RAYMOND H. HELLER, appointed 
general manager of Robertshaw-Ful- 
ton’s Aeronautical and Instrument 
Div. 

BILL M. LANE appointed manager 
of the newly organized western opera- 
tions of Vitro Engineering Corp. 

WARREN B. RILEY holds the new 
post of director of marketing and 
commercial product planning for The 
Bendix Corp. 

JAMES B. CONSTABLE, now manager 
of the new Lockheed Georgia Div. 
aerospace office in Sunnyvale, Calif. 

PATRICK W. TIMBERLAKE is the new- 
ly-appointed head of Northrop’s In- 
ternational Division. 

J. L. ATWOOD, president of North 
American Aviation, named chief ex- 
ecutive officer of the company. 

R. S. ERICKSON appointed director 
of the Polaris Computer Program at 
Control Data Corp. 

JACK DURST, named associate tech- 
nical director of the Pomona Division 
of The Marquardt Corp. 

GINO E. DEPAOLA, appointed senior 
staff engineer at John Gombos Co. 


RICHARD B. UHLE, named to the 
newly-created position of assistant 
general manager of Avco’s Electronics 
and Ordnance Div. 

E. F. BROWN, named vice president 
of administration at Rocketdyne. 


Robert D. Roche 
Lockheed-Georgia 


Raymond H. Heller 
Robertshaw-Fulton 


‘ 


Patrick W. Timberlake 
Northrop 


Gino DePaola 
John Gombos Co. 
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VTOL/STOL Advances — - 


The Aerospace Industry’s 
VTOL/STOL research should re- 
sult in new operational types within 
the decade. Recent developments 
include: 

@ Hawker Aijircraft’s P.1127 oe 
completed hovering trials. These pa ee ae ae 


inl meas mn 


ance ee / 
Has Industry Notes 


included hovering free from any 
ground restraint, though the VTOL/ 
STOL fighter was usually tethered 
to a test rig. Design modifications 
are expected before a configuration 
is submitted to NATO for competi- 
tive trials. 

@ Bell Aerosystems revealed 
its previously-secret design for a 
Mach 2.3 jet fighter-bomber. Ac- 
cording to the firm, D-188A aircrafi 
could take off vertically and com- 
plete transition to horizontal fii zht 
in 60 sec. D-188A could reportedly 
complete vertical landing in aout 
the same time span. The services 
are now managing a joint program 


(tt OL ACL: REBT ae AE: PO ee : naa ee i 
i 
HAWKER P.1127 has completed 
hovering tests at Dunsfold, Surrey. : 
It is designed around the BS.53 lift i 


thrust engine. | 
i 
1 
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for developing a supersonic VTOL j 
by the late 1960's. 

@ Chance Vought’s Aeronau- t 
tics Div. revealed details of its : 
ADAM propulsion/control system as a Mach 2 VTOL fighter-bomber powered in forward flight by four wing- ' 
for VTOL/STOL logistic trans- _ tip J85 turbojets and two rear fuselage J85’s. Wing-tip engines are rotated 
ports. to a vertical position for takeoff and landing. di 

GAS DRIVEN TURBINE | 

ip EE = AIRFLOW from fans in ADAM 

ea gh ae p—-— NOZZLE FLAP merges into one stream in cold gas 

} eae duct, then exits through rectangular 

# pert et Vv +4 ' 

aa Wintel elt ——— ’ nozzle at trailing edge of duct. \. 

. . * 4 \ : x 

~ 4 

3 

' 

aati ¢ 

ADAM CONCEPT has been advanced by Chance Vought for the VTOL/ ; 
STOL logistic transport field. Four J60 Pratt & Whitney engines, located in | 
pods above wing, drive paired turbofans on either side of fuselage. Flaps g 
on wing trailing edge divert this airstream down for vertical rising, back for | . 
forward flight. Model of ADAM (Air Deflection and Modulation) plane : | 
has been wind-tunnel-tested. _ 
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MERCURY INSTRUMENT PANEL is duplicated in training device at 
NASA’s Space Task Group. Three dials at top center show pitch, roll, and 
yaw attitude. Two “blocks” beneath them contain earth path indicator and 
clocks. Periscope is at bottom. Environmental system dials and warning 
nameplates are to the right. 


R & D Pictorial 


TWO-CHANNEL RADIOMETER 
in Tiros II weighs about 1% oz, _ rich-High Voltage Astronautics Inc. 
measures Earth’s temperature and is installed in vacuum tank for 
efficiency in absorbing solar radia- _ testing. 
tion. Orbited Nov. 23, satellite has 
TV cameras which have transmitted 
cloud photos. 


HUMAN SHOCK TESTING tests 
ability to stand effects of near 
misses of thermonuclear bombs on 
missile hard sites. Special equip- 
ment was rigged by American Lab- 
ratories Div., American Electron- 
ics Inc. 
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ION ENGINE MODEL at Good-p> | 


SHORT SB.5_ research aircraft 
recently resumed flying with a 
sweep angle of 69°. It was de- 
veloped by Short Brothers & Har- 
land Ltd., Belfast, N. Ireland. 


w 


7 
rans) 


TIROS If TESTS of satellite’s new 
magnetic stabilization system took 
place inside spherical cage designed 
to simulate Earth’s magnetic fields. 
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Notes 


. continued from page 94 


R & D Briefs 


New aircraft electronic system 
developed by Hughes Aircraft en- 
ables a fighter-bomber to fly hedge- 
hopping missions in adverse weather 
and to avoid detection by darting in 
below an enemy’s radar cover. 
Called TARAN (Tactical Attack 
Radar and Navigator), system will 
make it possible for tactical aircraft 
to operate by electronic control. It 
includes a “terrain avoidance” 
mode. “Ground mapping” is an- 
other feature designed to aid blind 
flying. In this mode the radar scope 
displays a “picture” of the terrain 
beneath the aircraft so the pilot can 
orient himself and compare the 
radar picture to the navigation map- 
display. 


not just | SMALL | 


this is | THE SMALLEST 


INERTIA 
SWITCH 


new millimite 


* only %" long x Ys" di- 
ameter 

* weighs less than 1/5th of 
an ounce! 

Light, tiny and simple, the new 

MILLIMITE has no springs, no 


MILLIMITE SPECIFICATIONS: 
General: SPST, unidirectional, normally | 


G Range: to 250 G's, Factory cali- 


Technical guides for designing 
Mach 5 swept-wing aerospace vehi- 
cles are being developed under an 
18-month $1-million research pro- 
gram at Aerojet-General. 


Gliders with over 10,000 Ib ca- 
pacity providing capability for 
transport of the mew space age 
rocket stages such as the large 
multi-engine Saturn have been pro- 
posed by the Lockheed Missiles and 
Space Div. 


Satellite mail relay has been ac- 
complished using Echo as a relay 
station. Project was managed for 
the Post Office Department by Adler 
Electronics. 


Thrust vector control of the 
Navy’s Polaris is under study at 
General Electric’s Aircraft Acces- 
sory Turbine Dept. Studies will de- 
termine the feasibility of utilizing a 
lightweight pneumatic-powered gas 
servo system for fast, precise posi- 
tion control during flight. 


ACTUAL 
SIZE 


bearings to wear or vary with 
time and temperature. 

High, long-term accuracy. 
Meets MIL-E-5272 environmen- 
tal spec. 

Used for: 

* Centrifugal and  straight- 
line acceleration applica- 
tions 

* Shock and Vibration indi- 
cation (circuit control) 

* Initiating fuzes 


ff @. Write, wire, phone 


for descriptive 
brochure AM-161 


96 Circle 47 on 


brated and sealed at any point 


Accuracy: + 10% (closer tolerances on 
request) 


Damping; Undamped 


Reset: Automatically resets when accel- 
eration is removed 


Electrical Rating: 1 amp @ 28V DC 
Terminals: 1 pos. and 1 case ground 
Temperature Range: —65° to +250°F 


nee, J 


INERTIA SWITCH Inc. 
311 West 43rd St., New York 36 * JUdson 6-5880 


Inquiry Card 


Improved welding techniques 
for super alloys are being sought by 
Republic Aviation Corp. under Air 
Force contract. Study is expected 
to provide solutions to welding 
problems that occur in connection 
with iron and nickel based alloys. 


“Missile bloom” effect, occur- 
ring shortly after launch of a ballis- 
tic missile, is being studied by The 
Research Div. of Radiation Inc. 
“Bloom” appears as a whitish glow 
surrounding the missile at night, has 
a rapid growth that persists for 
many seconds, and has a diameter 
of several miles. 


Azusa Mark II advanced missile 
tracking system is now in use at the 
Air Force Missile Test Center. 
Designed and built by Convair, it 
permits the Air Force to track 
missiles fired down the Atlantic 
Missile Range and to predict their 
impact points. Earlier Azusa Mark 
I system is slated for retirement in 
June. 


8:03 To The Moon 


The U. S. could put a man on 
the moon by 1967 with a giant, all- 
solid fuel, according to H. L. 
Thackwell Jr. of the Grand Central 
Rocket Co. This would beat the 


@CYLUNDER 


@HEAD 


slated trip to the moon by liquid 
fuel rockets by several years. 

Proposal suggests construction 
of a five-stage solid rocket. Its first 
component would be a_ large 
cylindrical segment designed for 
easy shipment. Only other major 
parts: a combustion chamber head 
designed to fit either end of the 
basic motor segment, a head cap, 
and a nozzle. Two basic motor 
designs, one for the top stage, the 
other for the lower stages, would 
each follow this “building block” 
approach. 
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Production Techniques 


Automatic checkout system for 
the Saturn booster will be developed 
initially by The Packard Bell Elec- 
tronics Corp., Technical Products 
Division, Los Angeles, Calif. It will 
largely replace the manual checkout 
equipment and procedures now in 
use at the George C. Marshall Space 
Flight Center. 

New concept in magnetohydro- 
dynamic (MHD) power generation 
for space applications has resulted 
from research and development con- 
ducted at Thompson Ramo Woold- 
ridge Inc., Tapco Group. This is the 
“Vortex MHD Power Generator,” 
a compact power source which can 
be designed to operate at a few 
kilowatts or at a high power source. 
Possible applications include emer- 
gency power for manned space 
vehicles, intermediate duration 
power (one to two weeks) and 
special requirements for short re- 
petitive bursts at extremely high 
power outputs. 

Bullpup mission simulators are 
now being used by the Navy. The 
simulators, designed and developed 
at Radiation Inc., are equipped with 
read-out devices which automatical- 
ly display the pilot’s “miss-distance” 
at conclusion of each simulated 
mission. Firm recently delivered the 
Ground PCM/FM Telemetry Sys- 
tem for the Minuteman program to 
the Autonetics Div., North Ameri- 
can Aviation. 

Columbium closed-die forging 
has been made from a 1300 Ib ingot 
15 inches in diameter and 26 inches 
long at Wyman-Gordon. It was 
produced by electron beam melting 
followed by duplex vacuum arc 
melting to remove _ impurities. 
Forging procedure involved ceramic 
spraying of the metal to prevent 
absorption of atmospheric gases at 
forging temperatures in the 2100°- 
2250°F :ange. 

Polaris missile heads are given 
their final contours in a specially 
designed explosive die, at the Ed- 
wardsville (Ill.) plant of Propellex 
Chemical Div., Chromalloy Corp. 
A head, made of high-nickel, low- 
chrome alloy AMS 6434 steel, is 
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hot-preformed. Without stress re- 
lieving or annealing, it is loaded 
into the open die. The die is filled 
with water, and carefully designed 
charges are set off in strategic lo- 
cations. Heads are 54” in diameter. 


New Standards Set 


For Airframe Castings 

Radiographic inspection guides 
for new light steel castings are being 
assembled in a standard reference 
manual for the entire castings in- 
dustry. 

The manual will include refer- 
ence radiographs which will illus- 
trate common defects. The Bureau 
of Naval Weapons is directing the 
project, requested by aero/space 
manufacturers. No radiographic 
standards have existed for sections 
with thicknesses of less than 0.75 
inches. 

Radiographs for the manual are 
being produced at American Brake 
Shoe Company’s Mahwah, N. J., 
Research Center, for the Naval 
Ordnance Lab. Contract calls for 
the production of defective castings 
with walls ranging from 0.13 to 
0.75 inches in diameter. The 8 in. x 
6 in. castings will include following 
alloy compositions: 4130 or 4140, 
4330, 4340, 347; 410 or 430, 17- 
4PH. 

Each casting must contain only 
one type of defect. The defects will 
include inclusions, cold shuts, 
shrinkage, cracks, gas holes, hot 
tears, misruns. 


 £@ ' o 
X-RAYS of defective steel casting 


will become radiographs in Navy’s 
new manual. 


CORES & SHELLS 
GLASS & CERAMICS 
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STATORS & ROTORS 
RADIOACTIVE MATERIALS 
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THIN WALL CYLINDERS 
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Preuma-Cup” 


A new concept in 


critical Materials Handling 


Photo courtesy Frenchtown Porcelain Co. 


Controlled air pressure provides 
a holding method unparalleled in 
effective critical handling prob- 
lems. Pneuma-Grip’s contact 
face of air actuated rubber 
members can grip fragile thin 
wall or micro smooth surfaced 
materials regardless of weight or 
configuration, without adverse 
effect or change on the structure. 
Used in conjunction with conven- 
tional lift, hoist, handling equip- 
ment, Pneuma-Grip is today’s 
answer to critical handling prob- 


lems. *U.S. Patent No. 2,894,780 


For 8-page descriptive catalog write: 


OR 


THE PRESRAY CORP. 


PAWLING, N.Y. 


Also manufacturers of Pneuma-Seal for critical 


sealing problems 
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Boeing Airplane Co. 16 
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M@ Over a period of many years and 
many jobs, Visioneering has devel- 
oped an unmatched ‘‘know-how”’ in 
the engineering and manufacturing 
of cabinets for highly individual 
requirements. 

Visioneering has designed many 
special cabinets for both Govern- 
ment and industry, fabricated from 
precision-made weldments in magnes- 
ium and other alloys. Specifications 
on these cabinets called for extreme- 
ly close tolerances, light weight, rigid 
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Brunswick-Balke-Collender 
Co. 


Chatham Div. Tung-Sol 


....Back Cover 


Electric Co. 10 
Chicago Bridge & Iron 

Co. be 3rd Cover 
Continental Sensing, Inc. 76 


ATT 


VISIONEERING 


construction and great strength. 

Visioneering cabinets are in wide 
use in the ground support equipment 
field, others have been made for 
housing such things as a modulater 
test stand... hydraulic power unit 
tester and an electronics component 
tester. 

If your company has a cabinet 
design or fabrication problem, we'll 
be happy to put our engineering staff 
and our manufacturing facilities at 
your disposal. 


ONEERING «noineerine wiTH vision” 


11830 BROOKPARK ROAD + CLEVELAND 30. OHIO « Tei: CL 2-2100 


Circle 23 on Inquiry Card 


Defiance Machine & Tool Co. 87 
Dow Corning Corp. 76 
Dresser Electronics (SIE 

Div.) 2nd Cover 
FXR Inc. 87 
Fiberite Corp. ....... 80 


Garrett Corp., AiResearch 
Mfg. Div. ... Pye = 4 
Goodrich Aviation Products, 


aero 24-25 
Great Lakes Carbon Corp. .. 74 
Haws Drinking Faucet Co. 80 
Haydon Co., A. W. .. , 7 
Inertia Switch Inc. 96 
Interelectronics Corp. 69 
Jamesbury Corp. .... 6 
Lindberg Engineering Co. 42 


McCormick Selph Associates. 15 
Matthews & Co., Jas. H. 

Michigan Tool Co. ; 8 
Mills-Wolf Steel Co. 8 


mt wes GD 


Norden Div. United Aircraft 


Corp. 34 
Presray Corp. 97 
Rodney Metals, Inc. 33 
Rosemount Engineering Co. 74 
Sealol Inc. 57 
Simmons Fasteners 32 


Space Technology Labs., Inc. 1 


Special Screw Products Co. 87 
Staplex Co. 87 
Sturtevant Co., P. A. 74 
Taylor Fibre Co. 85 
Tinsley Laboratories Inc. 84 
Turco Products Inc. 86 
Vapor Blast Mfg. Co. 69 
Victor Equipment Co. 65 
Visioneering Co. 98 
Washington Steel Corp. 51 
Weller Electric Corp. 89 
Western Alloy Engrg. Co.,Inc. 82 
White Industrial Div., S. S. 90 
Wyman-Gordon Co. 66 


Aircraft & Missiles ¢ January 1961 


pt a | oe Po - 
OO —SSCSCs 

ees 7 

-— 

q 

| 4 4 
| wa’ | 

J \ | ” 

&y | z 2. & < 

Sy -. 

: S eee | | 

MT specint. PUR®S a 
SCS 

| = | ee : . 


ww 
Os 
Li 
QO 
~ 
Lu 
or 
> 
od 
<q 
Os 
O 
Li. 
y 
O 
= 
< 
2 
ie 
LL. 
y 4 
Lu 
Lu 
[s 
Ln 


Advertisers’ Products ® Advertisers’ Services 


CIRCLE THE NUMBERS SHOWN IN THIS 


Technical Literature ® New Materials and Components 


New Production Equipment * New Electronic Products 


ISSUE AND MAIL THESE POSTAGE-PAID 


REPLY CARDS FOR MORE INFORMATION ON 


| 


7 
. 


/ Postcard valid 8 weeks only. After that use own letterhead fully describing item. 


and Employment Opportunities 


| Pestcard valid 8 weeks only. After that use own letterhead fully describing item. 


JAN., 1961 


Please send further information on items circled below. 


25 
43 
él 
79 
97 
115 
133 
151 
169 172 


the following numbers pertaining to recruitment please use home address. 
201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 


SEE |MPORTANT MUST INFORMATION 


VOOR AME 2 nn ccccccccccccccccccsccccesccos DONE socccoosce 
GPA cnc ccccccccccccesccscececcoecsoveceseseescoseeese 
PLANT ADDRESS ..... cc ccccccccccccccccccccccccccccccesccce 
SITY nc cccccccccccccccc ccc ccc sc ces ccc cME ME Ms coccess 


BUSINESS REPLY MAIL 


No Postage Stamp Necessary if Mailed in the United States 


POSTAGE WILL BE PAID BY 


AIRCRAFT & 


P. O. Box 8414 
Philadelphia 4, Pa. 


Readers Service Dept. 


Please send further information on items circled below. 


171 172 174 175 
For the following numbers pertaining to recruitment please use home address. 
201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 


SSE IMPORTANT MUST INFORMATION ED 


YOUR NAME .....ccccccccccccccccccccccccccs DINE soccccccee 
COMPANY .....ccccccccccccccccvcsccccscescecessesesesseses 
PLANT ADDRESS ........cccccccccccrcerccsccrscceecssesceces 
CITY wcccccccccccccccccccccccccce ee Bs oc 0c eSEAI Es cccccce 


JAN., 1961. 


Please check in A & B 
below (one each) which 
best describes: 

A. Your Jeb Function 

....1. Management 

....2. Design & Engineering 
....3. Production 

....4. Procurement 


B. Type of Plant or Facility 
. Airframe 
. Propulsion 
. Electronic Systems & 
Parts 
. Mechanical Systems & 
Parts 
. Raw & Processed 
Material 
. Engineering & Research 
Services 
Facilities 
.1, Military & Government 
.8. Parts & Supplies 
. Plant or Test Equip- 
ment 


FIRST CLASS 


Permit No. 23192 


Philadelphia, Pa. 


Please check in A & B 
below (one each) which 
best describes: 

A. Your Job Function 

.... 1, Management 

....2. Design & Engineering 
....3. Production 

... 4. Procurement 


B. Type of Plant or Facility 
....1. Airframe 
....2. Propulsion 
...-3. Electronic Systems & 
Parts 
4. Mechanical Systems & 
Parts 
. Raw & Processed 
Material 
. Engineering & Research 
Services 
Facilities 
.1. Military & Government 
.8. Parts & Supplies 
. Plant or Test Equip- 
ment 
. Other 


Sento bcc Be Pe ee ae SR car eens Nee ee ee a aga Pe) Sg 
i de ee es a “ge ae oe \ ers N gall ee ae ee 
pemeren ay oe ee ee ee ee [aE Ve | Meee ea eee RR el G5 ie 

sa EE SE EE ee ee ae ORI re 

tal Peete 

Bali 
; pean: fis 7—i CARRDC es 

- USE FREE READER SERVICE CARDS | dhe 

4 ite ae fy er % PES ah ¥ ee a Mee yh ae ee ee oe ee eg 

| (0 ee 
tt2 ss @ 8 £8 ££ teaser aesees & = eS Ss 

i 19 20 21 22 23 24 29 30 31 #32 #33 34 #35 3% apa 

| 37 38 39 40 41 42 47 48 49 50 5! 52 53 54 Beh ae 

55 56 57 58 59 60 65 66 67 68 6% 70 7i 72 se A 
#8 73 74 75 76 77 78 83 84 85 86 87 88 89 9  e 

| 9 92 93 94 95 % 101 102 103 104 105 106 107 108 ee 
" ; 109 HO HIE 112 4113 114 119 120 121 122 123 124 125 126 Ss 
| 127 128 129 130 131 132 137 138 139 140 141 142 143 144 ee 
| 145 146 147 148 149 150 155 156 157 158 159 160 16! 162 oe 

oe | 163 164 165 166 167 168 173 174 175 176 177 178 179 180 ik . 

4 | ir ag re : 
 . 

: : a er 

! P : 

| ‘oa Ve 

| pias 

ape 

ee Be] 
‘ ... 0. Other 7 oe 
ae 
nae eS i na a sich ta oF 

ft | hee 

y Ber i 
" t 

, | om: x 
a, ee ae 
ae x SRE a 

. “ates 
aoe 

| : Se cowarnn 
4 : a ACER se pes 
. ; ee nd 
iy | : ey ; ‘ 
' 2 3 4 5 6 7 8 9 0 tH 12 13 4 15 16 17 18 ea! 
=e 19 20 21 22 23 24 25 26 27 28 29 30 31 32 #33 34 35 36 ae 

37 38 39 40 41 42 43 44 45 #46 #47 «48 «49 «50 «51 «52 «53 54 ie 
es 85 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 Se 
: 73 74 75 76 77 78 79 80 8! 82 83 84 85 86 87 88 89 9 eo 

-# | Of 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 ae 
oe 1 109 110 Ht FE2 113 114 115 116 117 118 119 120 121 122 123 124 125 126 pS ee 
a | 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 Bh ata 
< | 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 eae 

os | il 

i i Behe 

; ! ee 
oe ! BS! i 
ne 
, I i re 
| | ee 
ee * 
! Ps eee 
1 ene 

| Bes 
ee 
' nee 

; y Pe) ee 
: ' a 
| ee i awip is i anal: 3 eae i aii aaa 8. as ee a ee fo gate 
aa hee ete ae ae i So I oh oa ; Sr a iil 5 ha f Se | 4a | 4 a 
di ie es a eS ee eal > ; . =e ae at ate 


BUSINESS REPLY MAIL 


No Postage Stamp Necessary if Mailed in the United States 


POSTAGE WILL BE PAID BY 


RCRAFT & MISSILE 


P. O. Box 8414 
Philadelphia 4, Pa. 


Readers Service Dept. 


Postcard valid 8 weeks only. After that use own letterhead fully describing item. JAN 1961 
Please send further information on items circled below. " 

| 2 3 4 5 6 7 8 9 10 II 12 13 14 15 tt 47 18 
19 20 21 22 23 24 #25 26 27 28 #29 #30 31 32 #33 #34 #+%35 36 
37 38 39 40 41 42 #43 #44 #45 46 47 #48 #+=49 «450 «SI «52 53 54 
55 56 57 58 59 60 61 62 63 64 65 66 67 68 6% 70 7i 72 
73 74 75 76 77 78 #%79 #80 8! 82 83 84 85 86 87 88 89 90 
91 92 93 94 95 96 97 98 99 100 101 102 103 104 105 106 107 108 
109 110 TIE 112 113 114 TIS 116 117 +118 119 120 121 122 123 124 125 
127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 
145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 
163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 


For the following numbers pertaining to recruitment please use home address. 
201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 


YOUR NAME ..ncccccccccccccccccccccccccccce BIN be 
COMPANY .... TITTTTTTITT LITT 
PLANT ADDRESS ............ PPYTTITETIT TT TTT TTT . 
CITY 


eereeeeeee 
eeeeeee eeeeeeee 
eeereeeeeee 


BONE... 00 STATE. ....+0. 


BUSINESS REPLY MAIL 


No Postage Stamp Necessary if Mailed in the United States 


POSTAGE WILL BE PAID BY 


AIRCRAFT & MISSILES 


P. O. Box 8414 
Philadelphia 4, Pa. 


Readers Service Dept. 


FIRST CLASS 


Permit No. 23192 
Philadelphia, Pa. 


lease check in A & B 
below (one each) which 
best describes: 

A. Your Job Function 


1 


veel. 
vee 
4. 


Management 

Design & Engineering 
Production 
Procurement 


B. Type of Plant or Facility 


J 
ean 
m ' 


4, 


SM IMPORTANT MUST INFORMATION ad ia 


are 


Airframe 

Propulsion 

Electronic Systems & 
Parts 

Mechanical Systems & 
arts 


. Raw & Processed 


Material 
Engineering & Research 
Services 
Facilities 


. Military & Government 


-B. Parts & Supplies 


. Plant or Test Equip- 


ment 


. Other 


FIRST CLASS 


Permit No. 23192 
Philadelphia, Pa. 


NO NOILVWYOANI JUOW YOd SGUVD Addy 


diVd-39OV1SOd ASSHL WWW GNV 3NSSI 
SIHL NI NMOHS Sdaa8WNN JHL TOUS 


! 


sugzdvad W2V YOd NOILVWHOANI 33a 


saipjungioddg yuawAojdwg pun 
S$ONPOJg 21U01499]9 MON © FUaUIdiNbyZ UoIZONpoJg MON 
SODAIIS ,S19SIPJOAPY © S}2NPOJY ,Si9SIZIZAPY 


SpuaUCdWIOS PUD S/DIJ9JDW MON «© 91N¢o19417 [DDUYyIaL 


, — 


eeremrernan apa Pen st ie 


- 
. eo — —— _—— ee — —) - " 5 — 
7 EE oOoOooererere 
ark 
a 4 Scie =". 


. 

——— ——— : 

ee _|__ 
Po _ 

. s oAEy | 

rT = - 


ee AE +f a i 
* +4 —_— eee 


can provide it 


Thanks to earth-bound testing, 
man will soon enter outer space 
with a remarkably detailed under- 
standing of the environment he 
will encounter. 

Whatever your requirements are 
for environmental testing systems 
and structures, CBal is particu- 
larly well qualified to design and 
construct the facilities. . 
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Complete systems for pressure, 
temperature and motion simula- 
tion can be provided. 

To learn more about this service, 
backed by over 70 years of crafts- 
manship in steel, get in touch with 
Chicago Bridge & Iron Company, 
332 S. Michigan Ave., Chicago 4, 
Ill. Offices and subsidiaries in prin- 
cipal cities throughout the world. 


Serving leaders in the fields of Nuclear Power, Chemistry, Petroleum, Aerospace, 
Cryogenics, Hydroelectric Power, and Municipal and Industrial Water Supply 
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BRUNSWICK BI-AXIAL WINDING ENCASES 


In the field of rocket motor case 
construction, Brunswick’s exclusive 
Strickland “B” Process (SBP) of 
fibre glass filament winding gives 
an S/D ratio as high as 2,000,000. 
Engineers are currently calling on 
Brunswick to provide up to 7,500,- 
000 psi modulus for design allow- 
ables. SBP’s unique bi-axial winding 
lays down filaments under tension 
first in one direction, then in the 
other (circumferential and longitu- 
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i emda | 


st 


dinal). As a result, SBP is particu- 
larly efficient for construction of 
closed-end cylindrical shapes and 
unusually contoured components. 
Current projects indicate the ex- 
tremely large range of sizes possible 
— from 6’ to 12’. Tension winding 
pre-stresses cases to a rare degree, 
while allowing precise filament 
placement for exactly controlled 
uniformity of thickness and 
strength. The SBP exclusive auto- 


Circle 3 on Inquiry Card 


ENORMOUS ENERGY! 


matic control of resin to glass ratio 
gives Brunswick outstanding uni- 
formity of material composition. 
From complete in-house design and 
fabrication to final testing, Bruns- 
wick is ready to serve you. Finc out 
more about SBP. Get detailed and 
documented information on its 
many unique features. Write or call: 
Defense Products Division Sales 
Manager, 1700 Messler Street, 
Muskegon, Michigan — today! 
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